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Executive Summary

Summary of Changes in Assessment Inputs

The following substantive changes have been made iBulef Alaska GOA) Arrowtoothflounder
assessment relativeeporto | ast year s GOA SAFE

Changes in the input data:

1. Estimates of catch through Octoldéf, 2021.

2. Fishery size compositions for 28{updated) and 2.

3. Biomass poinestimates and standard errors from2b21 Gulf of Alaska bottom trawsurvey.

4. Age data from the 2018ulf of Alaska bottom traw$urvey.

5. Therecommendediodel includes but does not fit the rstandardsulf of Alaska bottom
trawl surveysize compositions from 1985, 1986, and 198@ also do not fit the most current
survey size congsition data (2021) as we anticipate ages from this year for the next full
assessment

Changes in the assessment methodology:

There were no changes in the assessment methodology as we continue to useabkse28inent model
(Model 19.0. Please se8pieset al. (20®) for more details on the 20lassessment methodology
(available online atttps://appsafsc.fisheries.noaa.gov/refm/docs/2019/GOAat).pdf

Summary of Results

The summarized results of the risk table farowtoothflounder are in the table belowll scores of
Level 1 suggest no need to set the ABC below the maximum permissible. Further details for each
category of this risk table are provided in thavest Recommendatiossction.

Environmental/

Assessmesrelated
considerations
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ecosystem
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Level 1: Normal

Level 1: Normal

Level 1: Normal

Level 1: Normal



https://apps-afsc.fisheries.noaa.gov/refm/docs/2019/GOAatf.pdf

Reference values fékrrowtoothflounderare summarized in the following table. The stock is not being
subject to overfishing, is not currently overfished, nor is it approaching a condition of being overfished.

As estimated ospecified | As estimated orecommende(
lastyear for: thisyear for:
Quantity 2021 2022 2022 2023
M (natural mortalityi Male, Female) 0.35,0.2 0.35,0.2 0.35,0.2 0.35,0.2
Specified/recommended Tier 3a 3a 3a 3a
Projected total (age 1+) biomass (t) 1,321,700 1,318,860, 1,268,140 1,270,8®
Female spawning biomass (t) 752,703 724,288 703,853 691,941
Projected
B1oow 1,028,330 1,028,330 1,018,700 1,018,700,
Baow 411,331 411,331 407,478 407,478
Bssw 359,915 359,915 356,544 356,544
ForL 0.234 0.234 0.225 0.225
maxFec (maximum allowable F40%) 0.192 0.192 0.185 0.185
Specified/recommenddehsc 0.192 0.192 0.185 0.185
Specified/recommended OFL (t) 151,723 147,515 143100 141,23
maxABC (t) 126,970 123,445 119,70 118,24
Specified/recommended ABC (t) 126,970 123,445 119,78 118,24
Status As determinedastyear for: | As determinedhisyear for:
2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No

*Projections are based on an estimated catch of 10,052 t for 2021, and estim@@&lafahd 4,819t used in

place of maximum permissible ABC for 2022 and 2023 in response to a Plan Team request to obtain more accurate
two-year projections. Please ssertion on Specified Catch Estimation subsection in the Harvest Recommendations

section for more details regarding these calculations

The 21 AFSCGOA bottomtrawl survey estimate increasBt from the 202 estimate and is now

26% below the long termverage.The 2020 AFSC logline survey relative population number (RPN) for

Arrowtooth and Kamchatka flounder combiriadhe GOAincreased by 64% since the 2020 suraag
is now71% below the longterm average for the time seride 2021International Pacific Halibut
Commission (IPHC) RPN estimates for Arrowtooth flounidethe GOA ircreased by4% fromthe
2019 survey and is now 48% below the ldagn average for the time seriédl. three surveys have
similar recent trajectorie€atchfor Arrowtoothflounder is generally low anldBs beeetweer2-19%
of the acceptable biological catch (ABCurrent catch as of Octobgr, 2021 is at 7% of ABC which is
lower than the past several years given that approximately 90% of the catcHlistakaa by this time
The total allowable catches (TACs) farrowtoothflounder are generally set below ARt havebeen
increasing in recenfears The 202 ratio of TAC to ABC was/ 7%.

For the 202 fishery, we recommend the maximum allowable ABA. 18,779 usingthe 2019 accepted
model(Model 19.0. This is a6% decreasé r o m |
spawning biomass for 2@2s 703,853t and the projected age 1+ total biomass for2462,268,14(Q.

Female spawning biomass is well above B40%, and projectiettime

Area Allocation of Harvests

Arrowtooth Flounder is managed as a single stock in the GOA. However, the ABC is apportioned by

ast

$26,976t.0'1se praj&ted fenfale

management area based on the fraction of the sbigeyass in each area. The western re(NuGOA)



is NMFS reporting area 610 (Shumagin), cermegion (CGOA)is 620 and 630 (Chirikof and Kodiak),

and west Yakutat and east Yakutat / southeast Alaska (SE) result from the combined NMFS areas 640 and
650 redistributed such that the west Yakutat area is between 147°W and 140°W and the east Yakutat/SE

is the portion east of 140°W. The fraction of the biomass in the four areas was determined by applying a

time series of survey biomass estimates (Table 7.1)aeditr coef fi ci ents of wvari at
effects model (Table 7.2). T&GOA has shown a decline in biomass since 2003, while the other regions

have remained relatively constamith the exception of 2015 in east Yakutat{&igure 7.1)

The folowing table shows recommended area apportionments based on the proportion of survey biomass
projected for each area using the survey averaging random effects model developed by the survey

averaging workinggrouft hi s year 6s ar ea 2PpAF8QQGOA bottamdarawi sunveye s t h e
estimates. We provided the recommended area appor
area apportionment for comparison (Spies et al., 2019

Western Central West Yakutat East Yakutat/SE  Total
2019 AreaApportionment 25.5% 54.4% 6.6% 13.5% 100%
2021 ABC (t) 32,377 69,072 8,380 17,141 126,970
2022 ABC (1) 31,479 67,154 8,147 16,665 123,445
2021 Area Apportionmenr 28.1% 57.1% 5.6% 9.2% 100%
2022ABC (1) 33,658 68,394 6,707 11,020 119,779
2023ABC (1) 33,214 67,493 6,619 10,85 118,201

Summaries for Plan Team

Species Year Biomass OFL ABC TAC Catch?
2020 1,325,867 153,01 128,06C 96,96¢ 21,122
Arrowtooth 2021 1,321,70C 151,72: 126,97C 97,372 9,103
Flounder 2022 1,268,14( 143,10( 119,77¢ n/a n/a
2023 1,270,85( 141,231 118,201 n/a n/a
Stock 2021 2022 2023

Area OFL ABC TAC Catch? OFL ABC OFL ABC
W 32,377 14,50C 326 33,654 33,214
C 69,072 69,07z 8,709 68,394 67,49:
Arrowtooth |\, 8,380 6,900 47 6,707 6,61¢

Flounder '
EY 17,141 6,900 21 11,02( 10,856
Total 151,72: 126,97C 97,372 9,103 143,10C 119,779 141,231 118,201

Total biamass (ages 1+) from the ageeuctured model

2Current as of October 17, 2021. Source: NMFS Alaska Regional Office Catch Accounting System via the AKFIN database
(http://www.akfin.org.

Responses to SSC and Plan Team Comments on Assessments in General
The following group of comments are the 2021 SSC guidance regarding the risk tables:

9 The SSC concluded that the risk table framework is working well. The tables have expanded
communication among assessment authors and batasgsessment authors and
ecosystem/process researchers. The framework is intended to provide a clear and transparent
basis for communicating assessmeiated and stock condition concerns that are not directly
captured in modebased uncertainty, the tisystem, or harvest control rules.


http://www.akfin.org/
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The SSC recommended no changes to the language in the Risk Table template.

The SSC recognizes that within the context of
exceeding the true (but unknown) OFL. The risk ghke intended to inform the process of

adjusting the ABC from the maximum permissible when needed. Recommendations of an ABC
reduction from the maximum permissible requires justification. The risk tables provide an avenue
for articulating that justificaton.

The SSC recommends that consideration for reductions from maxABC be based on current year
information unless relevant risk factors for a stock continue to be present from previous years.
The SSC recommends that for stocks managed in Fi&rthét iisk tables are produced for all

full assessments of groundfish (and perhaps crab) stocks and stock complexes in the fishery. Risk
tables can be produced in other years at the discretion of the lead author if there have been
notable changes to previous cdmhs.

The SSC recommends that Risk Tables should not be mandatory for other Tiers; however, stock
assessments must include compelling rationale for why a Risk Table would not be informative.

For stock complexes, the SSC recommends that the decisiermiog which species (or

multiple species) to focus on be up to the author.

The SSC recommended maintaining the status quo, where authors are encouraged (but not
required) to provide a recommendation on a reduction from maxABC, if warranted, aRlthe
Teams and SSC would then evaluate and modify the reductions (if needed) based on the
information available for the stock.

Risk scores should be specific to a given stock or stock complex. While comparison across species
(e.g., within a tier, with similar life histories) or stocks is useful for consistency, the SSC does not
support trying to prescribe a common reduction friwa thaximum permissible ABC for a given

risk score across species or stocks because the processes underlying the score may differ among
species and stocks. The SSC recommends that considerations of reductions in ABCs below the
maximum permissible continue lbe made on a cad®~case basis with justification based on

risk scoring. The risk table rankings include qualitative information that requires a certain

amount of subjective but wetiformed interpretation of the available data by the author(s), the

Plan Teams and the SSC, and as such, the SSC feels that blanket comparisons across species or
stocks for the purpose of explicitly defining reductions in ABC below the maximum permissible

are not prudent.

The SSC encourages the inclusion of LK/TK/S as reaif knowledge about the condition of

the stock, a shift in the spatial or temporal distribution of the resource, or changes in the size or
condition of species in the fishery.

The SSC recommends that the fishery/community performance column shautthfocu

information that would inform the biological status of the resource (e.g., an unexplained drop in
CPUE that could indicate umodelled stock decline, or a spatial shift indicating changes in
speciesd range), and not fishareor emrhuaites & bycatch pr op o s
related considerations. The SSC recognizes that the community impact information is critical for
Council decision making and supports efforts to effectively communicate where this information
can be accessed.

The SSC appciates the discussion of avoiding doubtrinting information, in the

assessment/Tier system and risk table, or among columns of the risk table. The SSC agrees that
authors should avoid inclusion of stock trends/processes that are incorporated ingbenaesst

or reflected in the Tier when scoring the risk tables. For cases where a process external to the
assessment is relevant to two or more risk categories, the SSC recommends that the narrative
reflect the interconnected relationships that exist betwaakings among risk categories.

The SSC suggests a revision to the category levels: from the existing four to three categories
(normal, increased, extreme). The SSC recommends postponing this change until 2022 as many
authors have already begun working sk tables for 2021.



Since this is a full assessment year@WA Arrowtoothflounder, we provide a risk table as

recommended by th@&roundfish Plan Teams atite SSCguidance abovd-ollowing the completion of

this exercise, the highest score for #tisck is a Level 1 and the authors do not recommend that the ABC
be reduced below maximum permissible ABC. Please sd#¢aheest Recommendatioasction for

further details for each category of this risk table.

Responses to SSC and Plan Team Comments Specific to this Assessment

AfThere appears to be a shift to | ower recruitment
class). The Team recommends investigating whether these lower recruitments are related to

environmental conditions in the@.

iThe Team noted that the decrease in biomass bega
is similar to drops observed in other flatfish during this time and may be potentially linked to extended

poor recruitment during cold pattern ir026:2 0 0 {GOA Plan Team, November 2019)

We plan to investigate these lower recruitment trends through the ESP framework in future assessments.
The ESP provides a unique opportunity to exploraccountedor uncertainty through an ecosystem and
socioeconomic approach to fisheries manageniém.new data in this updated model includes some
promising signs for aaboveaverage 2017 year class which is concurrent with a cooler year in the GOA
following the 2142016 marine heatwaves and suggests improved conditioAsrfawtoothyoungof-

the-year during 2017.

ifiThe Team al so noted the pot entArrawtoothdldunderssthey AFSC
are caught in significant numbers on that syrve 0

ifThe assessment dreqneney datagronsl1985V1886, and 2898Pthatwere collected
opportunistically. Because these data were not part of standard NMFS GOA bottom trawl surveys and the
methodology for their collection is unclear, theam recommends investigating whether they should be
removed from (GOAPlaa Seam, evembaer 2019

iThe SSC supports the GPT recommendations to eval
frequency data should be removed from theehdthe SSC requests the authors investigate including

IPHC survey data in this assessment, and whether fishery-attide information is available for

i nclusi on (S8C, bdteambem20t9g | . 0

We have grouped the GOA Plan Team and SSC commentgliregalternate surveysurvey length
frequency dataand fishery age datagether because they pertain to the same recommend&fgoplan

to investigate the potential for using the AFSC longline surveysamngky and the International Pacific
Halibut Commission (IPHCHata as auxiliary indices of Arrowtooth flounder in the next full assessment.

We provideinformation regarding the AFSC longline and the IPHC survey as wellragnt estimates of
Arrowtooth flounder in theéSurveysubsection of th®ata section below as a start at this investigation.
Please reference those sections for more detail regarding those surveys and estimates of Arrowtooth
flounder.We may also explore the utility of combiningesurveyestimatesvith the AFSCbottom trawl

survey using moddbased methods (e.g., VAST) whgossible.

We provide a sensitivity analysis regarding tygportunistically collected length frequency datahe
Surveysubsections of thBata section under the AFSC Bottom Trawl Survey Biomass Estisnaglow
and determine that there was very little change in the model output witfitbug this informationin the
model (0.4% for total biomass and 0.2% for female spawning biom&ssgn that these are lengths
collected from nosrstandard surveys anithe change without this data in the model is minimal, we
determined to not fit this information in the modeid called this aninor data correction so it didot
require a separate model evaluation



We also explored the availability of fishery ages forofvtooth flounderSince the onset of the Observer
Program in 1990, there are very few years with high enough sample sizes in the GOA for inclusion in a
catchatage stock assessment model (51dthough this is still fairly low as typically 26800 samfes

are used as a cutoff) and the sampling has been sporadic (1991, 1995, 2019, 2020). A special ageing request
may be initiated through the AFSC Age and Growth program to age these years but this may not be worth
the effort given the low samples sizestefhatively, more samples could be requested in future years if
fishery ages were deemed a priority for this stdtlkase see theishery Age and Length Composition
subsection in th®ata section for more details and a table of the available otolithehy. y



|l ntroducti on

Arrowtooth flounder(Atheresthes stomipare relatively large flatfish that rangem central California to

the eastern Bering SEBBS), andas farwest as the Kuril Islands (Orl®004) Arrowtooth flounder occur

in waters from about 20m to 800m, although catch per unit effort (CPUE) from survey data is highest
between 100m and 300i8pawningoccurs in deep wat€r400 meters)n the GOA andalong the shelf

break in the eastern Bering S&myle et al. 2018)Migration patterns are not well known fArrowtooth
flounder; however, there is some indication thabwtoothflounder move into deeper water as they grow,
similar to other flatfish (Zimmerman and Goddard 1996). Fisheries dataasffiMfton suggest that larger

fish may migrate to deeper water in winter and shallower water in summer (Rickey 1995). Arrowtooth
flounder spawn in deep waters (>400m) along the continental shelf break in winter (Blood et al. 2007).
They are batch spawnesgpawning from fall to winter off Washington State at depths greater than 366m
(Rickey 1995).

Highly suitable larval habitat was characterized by bottom depth§R00n) and low current

fluctuations (i.e., variability in surface ocean current directiaman et al., 2017). Seasonal progression

in distribution of larvae indicates transport onto the shelf from deep water with apparent enhanced
shoreward transport in the major canyons intersecting the slope (e.g. Amatuli Trough and Outer Shelikof
Stratywher e-spboso in | arval abundance are observed (C
On-shelf transport of larvae seems critical, and variability in such transport may have a significant
influence on larval survival to the early juvenile setégnstage (Goldstein et al., 2020). Early and late
juvenile habitat were very similar and indicative of habitat generalists with more restricted depths than the
larval stage (3200 mand 75235 m respectively), but including fine and large scale-lging areas

(e.g., flats, embayments, channels, and gullies), low bottom temperature, and low tidal current. Settled
early juveniles (ag®) are more ubiquitous across depths in the GOA than previously understood and are
encountered throughout coastal andfsheters, and older juveniles also occur in deep water along the
slope (Doyle et al., 2018). Adult habitat included more depth range4@®@on) than juvenile habitat but

still indicative of habitat generalists utilizing benthic habitat extensively thamughe GOA from east to

west, with low bottom temperaturow-lying areas, and low tidal curremifferences in distribution of
Arrowtoothflounder were compared between warm and cold years, where warm years included 1984,
1987, 1990, 1993, 2001, 20@)05, 2015 and cold years included 1996, 1999, 2007, 2009, 2011, and
2013 (Doyle et al. 2018). Results showed some effect of temperature on distribution (EguFesi7.

less than 300mm were found typically <400m in warm years but deeper in cold yaangeY fish

<100m were found >200m only in colder years. ATF-B00mm were found in the deepest stations

>800m in warm years. High densities of fish were greater adR0én in cold years. Highest densities of
larger, older fish >600mm were found over #hepe in cold years (Doyle et al. 201Becent trends in
recruitment and biomass may indicate thabwtoothhas reached some maximum threshold in terms of
habitat utilization in the GOA, and that densitypendent effects at the juvenile stage may datai

population trends going forward (Spies et al., 2019; Doyle et al., 2018).

Historical ichthyoplankton data indicate peak releasArodwtooth eggs in deep water over the slope in
January to early February followed by a more extended peak in rebanttlyed larvae January to mid
March and continued presence of larvae in the plankton through summer months (Doyle and Mier, 2016).
Arrowtooth exhibit an early |life strategy ter med .
food poor enviroments during winter to early spring while remaining almost exclusively over deep water
(Doyle and Mier, 2016). The extended pelagic larval phase is characterized by very slow growth of larvae
through April with an increased growth rate from Mayne in assciation with warming water and spring

peak in plankton production. This slow growth during winter is considered advantageous in terms of
extending utilization of lipid reserves prior to fufeeding. However, this strategy can cause an extreme
mismatch vith prey availability for firstfeedingArrowtoothlarvae during winter due to both a spatial and
temporal separation from spring zooplankton production on shelf. Two hypotheses suggest potential



mitigation of this mismatch by 1) Ahol ding patte
ontogeny because of extended lipid reserves at very low physiological rates and 2) spatial/temporal
synchrony with winter production of eggs/nauplii of tdecoalanus copepods that may be an important

food source for firsteeding larvae (Doyle and Mier, 2016; Doyle et al., 2018; Doyle et al., 2019). These
proposed mismatch mitigating factors may provide
GOA, butArrowtooth early ontogeny may be particularly vulnerable to anomalous conditions such as
significant warming events that could potentially speed up larval growth rates and/or disrupt timing of
production of larval zooplankton prey. There was atpes(but weak) correlation between larval length

and water temperature across the late spring GOA time series which may be indicative of enhanced growth
during Awarmo years (Doyle and Mier, 2016).

Trophic studies (Yang 1993, Hollowed, et al. 1995, Hedd et al. 2000) suggeAtrowtoothflounder

are an important component in the dynamics of the GOA benthic ecosystem. They are an apex predator in
the GOA and are habitat and prey generalists (Doyle et al. 2018). The majority of the prey by weight of
Arrowtoothlarger than 40 cm was pollock, the remainder consisting of herring, capelin, euphausids,
shrimp and cephalopods (Yang 1993). The percent of pollock in the dietoeftoothflounder increases

for sizes greater than 40 cm (Figur8, Doyle et al. 208). Arrowtooth flounder 15 cm to 30 cm

consume mostly shrimp, capelin, euphausiids and herring, with small amounts of pollock and other
miscellaneous fish. Groundfish predators include Pacific cod and halibut (see Ecosystem Considerations
section).

The ag@ composition of the species shows fewer males relative to females as fish increase in age, which
suggests higher natural mortality (M) for males (Wilderbuer and Turnock 2009). To account for this
process, natural mortality has typically been fixed afd@.2emales and 0.35 for males in the model.
Different options for natural mortality were considered in the 2017 assessment, which consider natural
mortality as a function of the size of the fish (Charnov 1982, Gislason et al. 2010, Lorenzen 1996). The
distribution of ages appears to vary by region and sex; Ara@vtoothas old as 36 years have been
observed in the Aleutian Islands, but are not commonly observed older than age 10 on the Bering Sea
shelf. Males were not observed older than age 20 pr20@5 in the GOA; however, males age 21 have
been observed in every survey since that time. The sex raivafitoothflounder also varies by region.

In the GOA, the observed ratio from fishery observer length frequency collections is 69% female, 31%
male Survey length compositions from the Bering Sea indicate that the proportion female is 70% on the
Bering Sea shelf, 72% on the Bering Sea slope, and 62% in the Aleutian Islands. In British Columbia
catches have been over 70% female since 1996 and thasstssessed solely based on female numbers
(DFO 2015).

Information concerning the genetic stock structur@rmédwtoothflounder is not currently available,
although efforts are underway to initiate research.

Fi shery

Management of thArrowtoothflounderstock in the GOA has changed over time. Prior to 1990, flatfish

catch in theGOA was reported as an aggregate of all flatfish species. The bottom trawl fishery in the

GOA primarily targets rock, rex and Dover sole. The North Pacific Fisheries ManagemardilC

divided the flatfish assemblage into four categor |
flatfisho, HAroatoothBoamnder Awowteottfloanded was separated from the group and

managed under a separABC because aits present high abundance and low commercial value. In the

GOA, Arrowtoothflounder were first managed undeseparat@assessment in 2001. They are currently

managed as a single stock but the ABC is specified separately foeskernGOA (NMFS area 6Q),

central GOA (620, 630)west Yakutat, andast Yakutatgoutheasilaska



The area of highest abundancedofowtoothflounder in the GOA is in the central and western gulf
(Figure 7.4). The directed fishery takes place throughout the GOA, but is iprimdihe central GOA
(NMFS area 630). Arrowtootflounder are typically caught with bottom trawl nets. Outside of the
directed fishery, they are primarily caught as bycatch in the Other Flatfish fisheries. Catobwdboth
flounder since 1964 is shoum Table 7.3.

Viable products were developed #irowtoothflounder around 2008, which prevented the muscle from
degrading rapidly when heated (Greene and Babbitt 1990, Wasson et al. 1992, Porter et al. 1993). Until
that time it was not targeted as a commercial fishery. Several methods exist to neutralize tles gratym
cause the flesh to degrade, including chilling to near zero or immediate processing and freezing (Reppond
et al. 1993). Thé&rrowtoothflounder currently caught, processed, and sold each year fra@QtAare

typically exported to China for repragsing, with some product going to South Korea and Japan.
Reprocessedrrowtoothfrom China may also be sold to Japan as fillets and engawa (frills), the US and
Europe as fillets, among other countries. They are eaten as less expensive fillets, usedshiminor

used to manufacture surimi.

The catches foArrowtoothflounder remain below the TAC (Table 7.3); and have ranged I 600i

36,000t since the year 2000, averagi?4,000t, andthe ratio ofcatchto TAC averaged 36%. Catches

were below 1@00 t, on average, prior to 1990, and increased to an average of approximately 16,000 t in
the 19906s and 24, 000 t 17,2021 vwa®,103t0TOt8l allswableGatthdoh as o
2020 and 2021 was %9 t and 9872 t.

Bycatch

The primay fisheries that catch Arrowtooth flounder as bycatch ar@dhieck, rockfish, and Pacific cod
fisheries (Tabl&’ .4). For theArrowtooth fisheryduring 20X7-2021 (Table7.5), the largest bycatch groups
are on averagPacific ocean perctl 423t/year),Flathead sol¢l,277t/year),Pacific cod(1,037t/year),
pollock (1,019t/year),Rex sole (746 t/year) and sablef{§ii3t/year). NonRFMP species catch in the
Arrowtooth fisheryis generally dominatkon average by giant grenadier, miscellaneous fishstses,

and squid Table7.6).

Discards

Gulf-wide discard rates (percent of the total catch discarded within management categories) of
Arrowtooth flounder were available for the years 189presen{Table7.7). Discards of Arrowtooth
flounder have ranged from approximat&l% to 98%with an average of6.68%. Discards have been
decreasing steadily since the peak in 1994 to fairly low discard rates in receniftlearsmall uptick in
2021(Table 77).

Dat a

New dataused in this assessment include estimates of total catch, trawl survey biomass estimates and
standard errarfrom the Alaska Fisheries Science Center (AFSED)A bottom trawl surveysexspecific

trawl surveyageand fishery lengttirequencies from aerver sampling.ength composition datare

available from each survellowever, éngth datareonly used in the model for each yeminenage
composition datarenotavailable The model simulates the dynamics of the population and compares the
expected values of the population characteristics to data observedF®8surveys and fishery

sampling programs.

The following data sources (and years of availability) were ustteipreferred modeBolded years
indicate new data inputs for this yeardés assessme



Source Data Years
AFSCGOA bottom trawl  Survey biomasand 1984,1987,1990,1993,1996,1999,2001,2003,
survey standard error 2005,2007,2009,2011,2013,2015,2017,22021
Age Composition 1984,1987,1990,1993,1996,1999,2001,2003,
2005,2007,2009,2011,2013,2015,2@0D2,9
Fishery Catch Biomass 1977 - 2020, 2021
Length composition 1977 - 1993 19952020

Fishery

Catch

The estimate of annuAkrowtoothcatch between 1960 and 1993 was extrapolated from total flatfish
catch by multiplying the proportion éfrrowtoothin observer sampled flatfish catches (nearly 50%) by
the reported flatfish catch (1964®77 from Murai et al. 1981 and 1971893 from Wilderbuer and Brown
(1993) (Table 7.3).

Removals from sources other t han dffibiadestanate ¢f eatch ar e i
(e.g., removals due to scientific surveys, subsistence fishing, recreational fishing, fisheries managed under
other FMPs) are presented in Appendix A.

FisheryAge and_ength Compositions

The number of fisheries length observatidaken by fisheries observers, and the number of hauls from

which those samples were taken, by year, 1BJAL are presented in Table Sample sizes (number of

individual fish) for the fishery length data were generally at least 1,000 for the 1930gttt1984 (Table

7.8). Sample sizes were under 800 between 1883, 1992, 1994, 1998, and were not taken in 1989.

The data prior to 1989 is referred to as Aforeign:
predominately by joint venture vessavhich eventually replaced the foreign fishers (Table TI8).

number of male and female lengths used in the model as length composition data, by year, are shown in
Figure 7.5. Number of fishery lengtfrem the fishery are presented in Figure Tleereare no longerm

trends in the length composition data from the fishery (Figure 7.6), but there is variation over time.

Otoliths have been collected sporadicafiyhe fisherysince 1982 but samp#ezes are generally low

following the initiation of theDbserver Program in 1998ee otolith table belowlIt may bepossible to

age some of these otolitdsring yearsvhen thesamples were higher 180) through the AFSC Age and
Growth prioritization system; however, the ageing request would need to batedakithin the scope of

the AFSC Age and Growth available staff time and resources (J. Short and B. Matta, pers. commun.).
Also, the years when otoliths were higher are fairly sporadic, and aging of these otoliths may not be worth
the extra effort giverhie amount of otoliths aged by the AFSC Age and Growth program each year.



Table of otoliths collected (none agenxhe fisheryfrom 1982 to present

Year BSAI Collected GOA Collected Total Collected

1982 1926 912 2838
1983 1213 213 1426
1984 1355 456 1811
1985 1784 228 2012
1986 626 6 632
1987 302 80 382
1991 O 100 100
1995 0 160 160
1997 O 50 50
1999 35 2 37
2000 19 9 28
2001 27 2 29
2002 22 29 51
2003 93 0 93
2004 5 1 6
2005 5 0 5
2006 30 0 30
2007 11 4 15
2008 27 15 42
2010 O 4 4
2011 5 8 13
2012 4 0 4
2018 529 79 608
2019 538 110 648
2020 692 110 802
2021 283 33 316

Survey

AFSC Bottom Trawl Survdiomass Estimates

The survey biomass estimates used in this assessment areR&@groundfishbottom trawlsurveys
(Table 79). The triennialAFSCsurveys used a ni@@aster trawl. The trawl used in th884 and 1987
surveyshad no bobbin or roller gear, which would catisegear to be more in contact with the bottom
than current trawl geaandmay have restrictethe locations of trawl sitet® more trawlable areas

The survey catchability coefficieng)(in the assessment model was assumed to bARSC has

conducte studies to estimate the escapement under the survey net and herding of fish into the net. The
percent ofArrowtoothflounder caught that were in the path of the net varies by size from about 80% at

27 cm (about age 3) to about 96% at greater than 45muml(to or greater than age 7 for females and age

10 for males) (Somerton et al. 2007). Somerton et al. (2007) estimated the effect of herding combined
with escapement under the net to be an effective multiplier of about 1.3 on survey catchvivooth

flounder. The combination of escapement under the net and herding into the net indicates that abundance
would be about 23% less than the estimated survey abunddnhbis time we assumgto be 1.0 but

may explore estimatingin the future given this liding experiment.



Total survey biomass estimates increased from approximagigillion metric tons in 1984 and 1987,

to 3 million tons in 2003, and have since declined to approximately 1 million metriraom201 7
2021.Survey biomass has generaigen declining since 2003, and the 2017 estimate of 1,053,695 t was
the lowest estimate since 1987. The 2808 202Jstimats wereslightly higher, 1,076,727and

1,132,192 t, respectivelyrhe 1984, 1987, 1999, 2005, 2007, 2009, 2011, and 2015 secoxeyred

depths to 1000m, thE990, 1993, 1996, and 2001 surveys to 500m and the 2003, 2013, 201, 7rkD19
2021surveys covered depths to ov@®0m (Table 79). The 2001 survey excluded the easBMA. The
average biomass estimated for the 1993 to 1999 surveys was used to estimate the biomass in the eastern
GOAfor 2001 (Table 7.1). Survey estimates of biomass by area are generally highest in th6&Eatral
and the eastern and west@0A have simila biomass ofArrowtoothflounder (Table 7.0). The central

GOA has experienced the greatest declinesriowtoothflounder biomass since 2003. Survey biomass
estimates, standard error, number of hauls, and maximum depth are shown indable 7.

Spatial dstribution maps ofatch per unit effort (CPUE) data since 1@8davailable from théAFSC
GOA trawl survey (Figure 7.4). CPUE by haul indicates that the highest abundance has generally
occurred between about 149 and 156 degrees longitude, in the G&&ato the southwest and to the
northeast of Kodiak Island (Figure 7.4). Results show that CPUE is typically highest in the Chirikof
region of the central GOA, NMFS area 620.

AFSC Bottom TrawburveyAge andLengthCompositions

Otoliths from the 1984 t8017 NMFS trawl surveys have been aged and are used in the model (Table
7.11). Age composition data has been used in the model from all GOA surveys since 1984, except for the
most recent survey as ages are not yet avai(@blgle 7.1). Differences in agag methodology exist but

are not expected to bias results (D. Andeels. commui. Length composition datare not usgwhen

age data are available or anticipated to be available in the following assessmdrenyghrfrequency

data verecollected oportunistically forArrowtoothflounder on three GOA surveys conducted in 1985,
1986, and 1989. These surveys were not part of the standard AFSC GOA bottom surveys but the length
frequency data have been included in previous assessments. As these mtigaityicollected length
compositions are not part of the standard survey protocol, we no longer use this information in the model.
Additionally, we conducted a sensitivity model run with and without these length frequencies and
compared the total and spaing biomass estimates from Model 19.0 (2021). The average difference in
biomass (ADSB) wakess tharl% for both spawning and total biomdseecomparisorfigure below).

Based on this result, we determined this change was a minor data correction and did not require a separate
model evaluationLength frequency data from all NMFS surveys indicates no long term trends, and that
femalesarelarger than males (Figure 7.Mhe number of lengths collected from NMFS surveys are

shown in Table 7.11.
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Comparisonifjure of with and without size compositionSomparison of total biomass (TotBio) and

female spawning biomass (FSB) for model runs using the three AFS&arafard size compositions

(with size), and without using them in the model (w/o size). Average difference in biomass for the whole
time seriess 0.4% for total biomass and 0.2% for female spawning biomass.

AFSC Longline Survey

The AFSC longline survey has been conducted annually since 1988, and RPNs and RPWSs have been
computed for each year and are available since 199%fowtoothand Kamchtkafloundercombined
(seeAFSCRPN time series in the figure belowhe AFSClongline survey is conducted annually over

the continental slope region of the BSAI and the GOA. The GOA stations are sampled each year while
the Bering Sea is sampled on odghys and the Aleutian Islands in even years. This survey provides data
on the relative abundance Afrowtoothflounderin the form ofrelative population numbers (RPNs) and
relative population weights (RPWSs) for fish on the continental slope as indisexkfabundance.

Relative population abundance indices are computed annually using survey catch per unit of effort
(CPUE) rates that are multiplied by the area size of the stratum within each geographic area. These
relative population indices are availalily numbers (RPN) and weights (RPW) for a given species
(Rodgveller et al. 2011). The survey is primarily directed at sablefish, but alseszdokiderable

numbers ofArrowtoothflounder. Also, historically, Arrowtooth flounder and Kamchatka flounderev

not separated by species and were just recently separaiad?0d@ Therefore, we provide RPNs for
Arrowtooth and Kamchatka flounder combined to see changes throughout the entire time series (see RPN
figure below).Results for this survey concernifigtfish, shouldalsobe viewed with some caution, as the
RPNs and RPWs do not take into account possible effects of competition for hooks with other species
caught on the longline, especially sablefish.

RPNsin the GOAshow asomewhat decadalyclic pattern since thenid-1990s to about 2010 and then
have declined to present low values, with a steep decline at the onset of the 2014 marine heatwave,
similar to the bottom trawl survey estimates. Valagyefrom ahighin 1999to alow in 2020. This

same pattern is evident in tBSAI time series foArrowtoothand Kamchatkélounder except the

pattern is more variable and the decline is less s&mpe of the fluctuations may be related to changes
in the abundance of sablefistgarding competition for hooks among species. Thd Rifjline survey
RPN value forArrowtoothand Kamchatkfloundercombineds up 64% from 2@0 (seeAFSCRPN
figurebelow), but isstill 71% belowthe long term mean of the time series
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AFSCRPNfigure of Arrowtooth and Kamchatka flounder combined from the AFSC longline survey in
the Gulf of Alaska

Length data are also collected farrowtoothflounderduring longline surveys and congitions are
available since 1992 clearshift in size has occurred throughout the time seriesingtfeasing
abundance of largdish sampled until thenid-2000s after whicha shift to small fish occurs until about
2017. In recent years there are fewer fish in the survey which may have ith dieendeclines in the
population and less of the stock in the slope environment where the survey primarily samples.

International Pacific Halibut Commission Survey

The International Pacific Halibut Commission (IPHC) conducts a longline survey eadb gsaess

Pacific halibut. This survey differs from the AFSC longline survey in gear configuration and sampling
design, but also catch@srowtoothflounder. More information on this survey can be found in Soderlund
et al. (2009). A major difference betwetheAFSC and the IPHGurveys is that the IPHC survey
samples the shelf consistently frorbQ0 meters, whereas the AFSC longline survey samples the slope
and select gullies froh50to 1000 meters. Because the majority of effort occurs on the shékliower
depths, the IPHC survesample more suitablérrowtoothflounder habitat thathe AFSC longline

survey ands similar to the AFSC bottom trawl survey; however, length&robwtoothflounderare not
taken on the IPHC survey.

RPNs have been comied for each year of the IPHC survey and are available since 19981t&20
Arrowtoothflounder(seelPHC RPNfigure below. RPNs in thé5OA have ranged from a low RPN in
2017to a high in2000 and also generally follow the trajectory of the AFSC bottaml survey since
2005 when the population started to declRENs are generally higher in the CGOA as with the AFSC
bottom trawl surveyRPNSs increased in 2Qin all areas except the WGQOzdmpared to 220. The2021
GOA estimate i914% above the 201%#gmate (2020 was not completely sampled) amibig 48%
belowthe longterm average for the time serié&o length data are collected for Arrowtooth flounder on
the IPHC survey.
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Anal ytic Approach

General Model Structure

We use the base model from the last full assessment (Model 19.0) with updated and new data since the
last full assessment. Please see Spies et al. (2019) for more details regarding this reference model. A
summary of model results is shown in Table 7.14manng Model 19.0 (2021) with Model 19.0 (2019)

from the last full assessment. Due to the increase in data in the current model, the likelihoods cannot be
directly compared but are there for reference as are spawning and total biomass estimates.

We presat model results for tharrowtoothflounder stock based on an agfeuctured model using

Automatic DifferentiatiorModel Builder(ADMB) software (Fournier et al. 2012Jhe framework uses
automatic differentiation and allows estimation of highrametdaeed and noflinear models. The
approactronsists of an assessment model, which uses survey and fishery data to generate a historical
time series of population estimates, and a projection model which uses results from the assessment model
to predict futurepopulation estimates and recommended harvest levels. This model does not attempt to fit
a stockrecruitment relationship but estimates a mean recruitment, which is adjusted by estimated
recruitment deviations for each year.

This agestructured populatiodynamics model is fit to survey abundance data, survey age data, and

fishery length composition dateith a harvest control rule to model the status and productivity of these

stocks and set quotaehe model is fit to the data by minimizing the objecfiwection, analogous to

maximizing the likelihood function. The model implementation language provides the ability to estimate

the variancecovariance matrix for all parameters of interést. igener al i z e disednotdee | 6 has
Gulf of Alaska and the &ing Sea and Aleutian Islandsrowtoothflounder stock assessments since

2015. The modehcorporates ages41+ and etimatesagebasedselectivity up to aged, and uses 26

lengths bins (see size range for each biweightat-Agesubsection below)A Markov chain Monte

Carlo (MCMC) was performed in ADMB to capture variability in recruitment, female spawning biomass,

and total (age 1+) biomass. The MCMC waswitth 20,000,000 iterations, and thinning eveg00.

No spawneirecruit curve was used in the modektead, we calculated average recruitnvettt an
estimated lognormal deviatidar each year of the model with the exception of the final.yleahe fnal
modeled yearrecruitments set to median recruitmerRecruitment deviations were freely estimated but
with a modest penalty on extreme deviations from the mean (falualue) Age at recruitment was set
at one in the modeYariation in ecruitment is informed by subsequee and length compositiamd
there is little information to inform regitment in the final few yeasecaus&0% maturity occurs at age
7 andselectivity is low for youngeArrowtoothflounder.

Equilibrium age struire in the unfished population is based on mean recruitrAges 221 aresubject
to asex specificvector of instantaneous rates of natural mortality,. Natural mortality is subscripted
for sex, as males appear to have higher natural mortalityféha@ales in this species (Wilderbuer and
Turnock 2009).

) elog () if a=0,
‘N?SC"LG’ - A'?Vsc:l:,aflfj_ﬁjga if 1§ﬂ§f{fl.
Nyup weMeeal/(1 — e=Meea) if a=x.

wherea represents agé, is equilibrium numbers of fish by sex and age, aidepresentsexspecific
natural mortality.



The numbersatage forall years in the modedre computed allowing foiighery selectivity andfishing
and natural mortality

log(R)+recdevy if a=
“NTSC.’{‘,;-‘.,‘+1,{I = _f\f’sc:r:y:a_le—(s.?er,a—lF.r:e:l'_.y+‘ﬁfse1) lf 1Sa§x,1!
L j\f’scx:y:wilef(s_agr‘.r—lF.ger.y+ﬂ‘lfgex) + A‘?\‘%C:E,y_._:rei(sge:t;r Fse:c;erﬂf_gEI) lf a=x.

whereN is the number of fish of each sex at agd the start of yeay+1, Sﬂa is thesexspecific

sex,y+l,a
selectivityatage for the fisheryF, is the instantaneous fuligelected fishing mortality rate during ysar

and is calculated from the log of the mean fishing mortality and a vector of fishing mortality deviations

(fmort_devs) for each year of the modE, = logF +fort_de,

There were 87 parametergstimatel bythe modekexamined in the current assessment (T@t18).

Parameters were estimating by minimizing the objective function. Several likelihood equations
contributed to the final likelihood: recruitmefishery catchedjshery length compositions, age

composition from thérawl survey, and biomass. Observation errors for age and length compositions were
assumed to bmultinomialdistributed, while recruitment deviations, and catch and biomass observation
errors were assned to be lognormally distributeddog-likelihood componentor each data typare as

follows:

recruitmentL = OSEndM{jlrec da/ O
y—Styr? V 5 _

oy 0.5 Alog(BionEss,, ) - 10g(BIONeSS, .5
ygwée BiomassSD,,,,, / Biomass,,,,  *

where the observednnualcoefficient of variation (CV, Table 7.1% used asan estimate of standard
deviation.

Endy 3|og(Catch,,., +d) - log(Catch, ., + )&
CatChL 05a a g( hobsy d) g( pred,y d)g ’
y—Slyreg V0.5 B

where d'is a small value needed iretisase of zero catches.
(6)

0 Q&m0 %op r O@OGR EQRT ER A T GEM WA ER  f
Where%ois a logical value indicating whether there are applicable observed data in year

Length compositiofikelihood for the fishery and the survey are calculated as in Equétife do not fit

length composition data when there are ages available or anticipated to be awhiabfere, no survey
lengths are included in the model when we have age @iatae norstandard survey years have been
included in the model in previougars.in the author recommended model, we sesHmaple sizes to zero

to effectively not fit the noistandard survey lengths. In this way, we do not change the model, but allowed
for the data correctiomelta (¢') is a small number less than 1 added tmaat for the possibility of zero
observations in alength (or age categofyh e wei ght s (A Nhaul s 0 ¢ompopitoh i ed

t

0



dataare shown in Table 8. Lower weights are applied to length compositions in the years prior to 1989
becausdhe number of &uls are not known. Length compositiarflect the number of hauls from 1990
1998 and are geraly 200 from1998through 2020

The proportion of males and females sum to 1 in each year of the model. This also allows for the model to
fit the observed skewed sex ratio, approximately 69% females and 31% males, based on the fishery length
composition data. Length composition data was only used in the model in years in which there is no age
dataor when there were sufficient samplé@$ere are no fishery ages available, so we fit all available
fishery lengths, with the exception D94 when there were too few sampE2l lengths).

The likelihood for survey ages assumes that observation error is distributiéglomially. Thenegaive
log-likelihood is similar to equatior6]:

0 "QQ0 %or, 5 O@O Ak € QN1 £rf i 1 a €M WA Exn 1

Age data exists for all standard GOA surveys, and have been redidoiarthe most recent survéx021)

For thesurveyage compositiodatg the number of hauls was assumed to be 200 for each year of data. The
number of fish aged in each year ranged fB2%1,534 (Table 7.1). Surveyage composition data for the
years19842019 werdit to in the model. Detailed cruise information for each survey from which age data
were taken is shown in Table97.

For the multinomial likelihoodused for composition datagn offset was calculate¢hich decreases as the
number of smples increases, and when observations are less frequent than 0.5

Catch, in units of fish, is estimated in the model using the standard eq{msiow) and then multiplied
by weightatage

F ;
CatChYear,age = e (l' € Zyear'age)N

year,age ’
Zyear,age

where Z represents total mortality and is the sfifishery and sexspecific natural mortality
Female spawning biomass is calculated as the product of the weight of mature females in each year.
"0Y6 B 00 % 0O § |,

where%. is the proportion of matufemales at each adg®m Stark(2011), 0  isthe
number of females in the population, amidge is the weight at age for femalé&/eightatage is
defined by first convertingredictedages to lengthusing asexspecificstatic conversion

matrix, and then using a s@wvariant lengthweight relationship; both steps are described in the
following section.

Parameters Estimated Outside the Assessment Model

The instantaneous natural mortality ristecatchability for the survegand the Von Bertalanffy growth
parameters, and weight at length by sex were all fixed in the nieami@imeters estimated outside the
model are summarized in Table Z.1

Natural morality

Natural mortality i) rates for Gulf of Alask&rrowtoothflounder were estimated using the methods of
Wilderbuer and Turnock009). A higher natural mortality for males than females was used to fit the age
and size composition data, which are ald® femals. A value ofM=0.35 for males was chosen so that
the survey selectivities for males and females both reached a maximum closétbk&lthood profile



on male natural mortality resulted in a mean and mode of 0.354 with 95% confidencddsmedvaz to
0.38 (Turnock et aR002, Figure 10.14Model runs examining the effect of different natural mortality
values for malérrowtoothflounder can be found in the Appendix of the 2000 SAFE
(https://lwww.afsc.noaa.gov/REFM/stocks/Historic_Asdesy. Differential natural mortality by sex can
be a factor that needs consideration in management of targeted fish stocks, howeveAaince
Arrowtoothflounder is currently exploited at low levels, this effect is not a concern for this stock
(Wilderbuerand Turnock 2009).

Data used to calculate length at age and weight at length

Data used to estimate parameters of the von Bertalanffy latgtie function and the weight-length
relationship, which were both fixed in the assessment moolesisted oage data from 1982013 GOA

RACE groundfish surveys. There were 9,686 such data points, each associated with age, length, and
weight for each fish and 12,308 that had age and length (Tdld)e Ageing methods have changed
throughout the timseries but this is not expected to cause bias over time or errors in the earlier datasets
(D. Anderl, AFSC Age and Growth, pers. comm.).

Weight at Length

The weightlength relationship foArrowtoothflounder was evaluated to béfeight= 0.004312

Lengt18 for both sexes combined, where weight is in grams and length in centimeters. Analysis was
performed using nonlinear least squares fit to all weight and length data frédaSibottom trawl

suiveys in theGOA from 1984 to 2013. The nonlinear least squares (nls) method was implemented from
the R package stats (Bates and Chambers 1992). The-lgaigtht relationship was the same amon

male and females.

Growth

Growth was estimated from length aagke data from RACE Gulf of Alaska surveys from 1984 to 2013

and incorporated in the assessment using a leaggttonversion matrix. Length (adjusted for survey

length frequencies) was converted to weight with the weitjigngth relationship describetb@ave.Age
frequencies frontengthstratified sampling for age data was corrected using length frequencies from
surveys for which there is more data, averaging 12,000 female and 6,500 male lengths per survey (Table
7.11).Differences in growth show up aralithe age at maturity of age 6 (Figur@)7.

Length at Age

There are twdength-age conversion matrices (one for females and one for niafgsyegeneratedrom
all years of datgredict lengths from ages to compare with observed lengths

The lengthage conversion matrix was generated by simulating 107 data points for each length observed
from survey lengths of Arrowtooth Flounder, from 90 to 880(sae midpoints table below}he

simulations were generated from a normal distribution, with the megthlat age determined by the

male and female von Bertalanffy fit to the lengtlpe data and the CV for each length determined by the
parameters of the linear models describelbw. These data were binned into 26 length categtnies

sizes less than 1dn to greater than 75 crthese length categories were used for all length composition
data in the model.

1 2 3 4 5 6 7 8 9 10 11 12 13

Range (mm) <10 100 160 180 200 2200 240 260 280 300 320 340 360
0 160 180 200 220 240 260 280 300 320 340 360 380
Midpoints 90 130 170 190 210 230 250 270 290 310 330 350 370




14 15 16 17 18 19 20 21 22 23 24 25 26

Range (mm) 380 400 430 460 490 5200 550 580 610 640 670 700 >75
400 430 460 490 520 550 580 610 640 670 700 750 O
Midpoints 390 415 445 475 505 535 565 595 625 655 685 725 850

A von Bertalanffy individual growth model,
Length=LD( 1 1T *agie(TK 0 ) )

was applied to the corrected length at age data, separately for males and females, using the R package
fishmethods, resulting in tellowing parameter estimates. The plus group contains all ages 21 and
above, and was calculated as a weighted average of the von Bertalanffy mean length and the proportion
estimated to be in each of those upper age categories based on M=0.2 for fechile8.86 for males.

Sex Lint K to
Females 837.6 0.07587 -2.57872
Males 524.1 0.1672 -1.4684

The coefficient of variation (CV) typically decreases with age. This was not the case with the GOA

Arrowtooth flounderata, although Bering Sea dé&ta femaleddid fit this pattern. Therefore, female CV

of length at age was fitteasa straight line and adjusted slightly so that a normal distribution around the

von Bertalanffy estimate of length at age did agteedhe r ange of | engths observe
age + 0.14. Male variance was also fittZeage+tto a | i
0.1184688Growth values were last revisited in the 2017 assessment (Spies et al., 2017).

Weight atage

Weight at age used in the model is based on length at age corrected by survey length frequencies, as
shown in Figure B Weight at age of females determined by this method is slightly lower than weight at
age determined by a weigatage vorBertalanffy elationship determined from the stratified age
collection. Differences in male weight at dggtween methodsere not as significant as differences in
female weight at age (Figuregy..

Maturity

Maturity at age was based on a matuatyength study by inmerman (1997) through 2013. Length at

50% maturity was estimated at 47 cm with a logistic slop€.8%29 fran Arrowtooth founder sampled

in haulsfrom in the September 1993 bottom trawl survey (Zimmerman 1997). Elsewhere in their range,
length at 50%maturity was 36.8 cm for females and 28.0 cm for males from survey data in 1992 off
Washington, with logistic slopes €9.54 and-0.893 respectively (Rickey 1995). Arrowtodtbunder

had length at 50% maturity of 44 cm for females and 29 cm for matke obast of Oregon (Rickey

1995). Spawning fish were found in depths from 108m to 360m in March to August in the Gulf of Alaska
(Hirshberger and Smith 1983) from analysis of trawl suréieys 1975 to 1981. Most obsations of
spawning fish have beentine northeastern Gulf, off Prince William Sound, off Cape St. Elias, and Icy
Bay.

A study was conducted in 2008 that examined matatigge that estimates age at maturity rather than
length at maturity (Stark 2008). In this study, a sample of 301 fashtaken in February 2002 and a
separate collection (226 fish) was taken in July 2003, both from the central GOA. Parameter estimates
based on the February sample were used in therdwstudy because Arrowtootlodinder spawn during
winter months. The déisate of logistic 50% maturity was 7 years, the logistic slope (B) was 1.3817 and



the intercept (A) was9.6183. Fish matured at a slightly younger age in the 2008 study compared to the
1997 study. This maturity ogive (Stark 2008) has been used in thel sioce 2015Age at 50%
maturity is age 7 in females, and is 20% in age 6 fish.

|

| + ¢e—A+Bxages :

Maturity,g. =

Likelihood weights were adjusted using the methodology of Francis (2011) and are described in more
detail in the Model Evaluation section from the 2013 assesq/@pigts ad Turnock, 2013)The
parameter s1,

sl = [\3.9-—).”1—1/(”1 — 1 J]O-G‘

was used to evaluate model weighting, WHXG.95.m-1 s the 9% percentile of a chsgared distribution
with m-1 degrees of freedom and m is the number of observations (Francis R@&idhts were left at the
values in the 2019 assessment (Spies et al., 2019).

Ageing error matrix

Ageing error in Arrowtooth Flounder is relatively high compared to walleye pollocPaaific cod.

Therefore, we implemented an ageing error transition matrix to convert population numbers at age to
expected survey numbers at age. The matrix was computed using the estimated percent agreement among
two age readers. We used the percent ageeefor ages from 1982015. The model incorporates a

linear increase in the standard deviation of ageing error and assumes that ageing error is normally
distributed (Dorn et al. 2003, Methot 2000). Percent agreement is predicted by the sum prokatbility th

both readers are correct, that both readers are off by one year in the same direction, and the probability
that both age readers are off by two years in the same direction (Methot 2000). Ageing agreement is 88%
at age 1 and declines to 50% at age 5129 at age 15. There is higher variation in the percent

agreement at older ages, which could be due to a sampling effect; there are fewer older fish and therefore
lower probability of selecting an older fish for doubéading.

Parameters Estimated Inside the Assessment Model
Parameters estimated inside the model are described in Tahle 7.1

Year class strengths

The population simulation specifies the nunskerage in the beginning year of the simulation, the number
of recruits in subsequent years, ahd survival rate for each cohort as it moves through the population
calculated from the population dynamics equations.

Fishing Mortality

The fishing mortality rates (F) for each age and year are calculated to approximate tlire waight by
solving forF while allowing for observation error in catch measurement.

Selectivity

Fishery selectivity was estimated as a smooth; age sexspecific norparametric function through age

19 (Figure 7.M0). Survey selectivity was modeled using a two parameter ascelugjistic functionfor

males and females (four parameters tofdig differential natural mortality and selectivities by sex resulted

in a predicted fraction female of about 0.70, which is close to the fraction female in the fishery and survey
length and age data
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Model Evaluation

Model 19.0was selecteih the last full assessmef@019)astheaut hor s 6 pref erred model

provided the best fit to the daaad incorporated necessary changes to the model configuitttiemr

were no changes in the assessment methodology as we continue to use the 2019 assessment model
(Model 19.0). Please see Spies et al. (2019) for more details on the 2019 assessment methodology
(available online athttps://appsafsc.fisheries.noaa.gov/refm/docs/2019/GOAat).pdf

Time Series Results

Estimates of fishing mortality have increased over the model time series, consistent with the recent trend
of decreasing biomagEigure 7.%). The estimates of fishing mortality were similar for Mo#i@l0
(2019)andModel 19.0(2021), with the exception of the early 199Tke fit to survey biomass estimates
is shown in Figure 753, and shows an increagi trend irestimated totebiomass through 200énd
estimatedspawning biomass throug@®08 with a decrease in both quantitssce thenModel 19.0
(2021)estimats nearly identical levelsf total and female spawning biomdssthe historical time series
as Model 19.0 (2019nd estimates a continued drdpe to the addition afewdatain the model

(Figure 7.15)Model 19.0(2021)indicated that female spawning biomass i@2@&as92% of the

estimate in 2019 (Table AL Current levels of female spawning biomass are similaalites estimated

in the present model fahe early 1990€Figure 7.16) The 2019 model estimated total age 1+ biomass of
1,333540t in 2019, and the 2021 model estimaté&s¥@adecline to 267,240t in 2021. Model estimates

of total and female spawning biomass with 95% credible intervals based on MCMC posterior
distributions are presented in Table&.1

Age 1 recruitment has been below aversigee 2007 (Figure 7.1ahd Table 7.7). Recruitmenpeaked
in 2000and has declined since that time. Reastimate®f recruitment are likely not reliable, as the
presence of older fish in the time series is needed to lend certainty to recruitment edtiovage®r, the
size of the2017 year class appsao be supported by the most recent age composition data with an
increase in age 2 compositioinem the 2019 survey age composition data the recruitment estimate
for the2017 year clasappears to be above the longer term mean.

Reference fishing mtality rates and yields

Reliable estimates of bioma&os, Fas% andFioeare available foArrowtoothflounder. The current
projection model (Model 19.0) estimate of female spawning biom&2?2 is703,853, which is 1.73
times the estimate &i0%, 407,478 tTherefore, thédrrowtoothflounder stock in th6&OA is in Tier 3a
of the ABC and overfishing definitions. Under this definitiops.= Fss%, and Fec is less than or equal
to Fao%

The acceptable biological catch (ABC) for 2022 udtag,= 0.185(2019 assessmeRioy, = 0.196)was
estimated at 11979t. The OFL for 2022 dftssy,= 0.225 was estimated #43,100t. The ABC for 203
is 118,20 t, and the OFL for 2@Ris 141,23 t. Modd estimates of fishing mortality have been below
Faosfor the entire time series (Figurel). The highest fishing mortality was estimated to be 0.04 in
2014(Table 7.B), which corresponds with the highest catch on record of 36,3Gbte 7.3.

Maximumsustainable yield

Since there is no estimate of the spawmeeruit relationship foArrowtoothflounder, no attempt has
been made to estimate MSY. However, using the projection model described in the next section,
spawning biomass witho fishingwas edtmated atl,018,70Q in 2021. The equilibrium spawning
biomass with fishing &€sse, Bssw, Was estimated &56,544t andBagsw, Was 407,478 t.


https://apps-afsc.fisheries.noaa.gov/refm/docs/2019/GOAatf.pdf

Retrospective analysis

Retrospective analysis is the examination of the consistency among sucestsiages of the same
parameters obtained as new data are added to a model. Retrospective analysis has been applied most
commonly to agestructured assessments and can arise for many reasons, ranging from bias in the data
(e.g., catch misreporting, n@andom sampling) to different types of model misspecification (e.g.,

incorrect values of natural mortality, temporal trends in values set to be invariant). For this assessment, a
within-model retrospective analysis of the preferred model was conducted fastth® years of the
time-series by droppingll data one year at a time from the current preferred model.

A retrospective analysis was performed, in which data were sequentially removed from the preferred

model for ten years, and spawning biomass wisatedfor the duration othetruncated time series

(Figure 7199.O0ne common measure of the retrospective biac
the size and direction of the bias ( Hmalatel0l8nan et
(compared to most AFSC assessments, Hanselman et al. 2013), indicating that the model estimates of
spawning biomass increase relative to the terminal year estimates asedataoved from the

assessmenin most retrospective years, the estienfor respectivderminatyearspawning biomass was

slightly higher thanthe curremiod el 6 s s pawni ng b.iThediffesence besveenthat e i n
current mode&nd retrospective spawning biomasss highest for the 2016 retrospective year, irittiga

a small potential retrospective bias (Figur20y.

Although there are no guidelines regarding how lar¢gbsolute value) should be before an assessment is
declared to exhibit an important retrospective biag,&i®very small compared with many other Alaska
groundfish specieg&xamining retrospective trends can show potential biases in the model, but may not
identify their source. Other times a retrospective trend is merely a matter of the model having too much
inertia in the agstructure and other historic data to respond to the most recent data. This retrospective
pattern considered mild, hough t he cauway mayatber ¢ hef ibtme survey
during the 16year retrospective windowt is difficult to isolate the cause of this pattern but several

possibilities exist. For example, hypotheses could include environmental changes in catchabtlity, time

varying natural mortality, or changes in selectivity of the fishery or survey.

Harvest Recommendations

Amendment 56 Reference Points

In the author recommended modék estimate obrojected2022 total biomass from the stock
assessmenmrojectionmodel is1,268,14Q and the female spawning biomass is estimat@@&853t.

The reference fishing mwality rate forArrowtoothflounder is determined by the amount of reliable
population information availabl&quilibrium female spawning biomass is calculated by applying the
female spawning biomass per recruit resulting from a conBlanharvest to an estimate of average
equilibrium recruitmentYear classes spawnedif77-2020 are used to calculate the average equilibrium
recruitmentThisresults in an estimate 840 = 407,478 for 2022. Projected 202 female spawning
biomass is copared tdBaox to determine the Tier levelhe stock assessment model estimates tB2 20
level of female spawning biomass7/®3,853t. Since reliable estimates Bf Bioow, Fao%, andFssy exist
andB>Buaos, Arrowtoothflounder reference fishing mortality is definedTirer 3a.For 2®2 the
recommende@asc = F 406 = 0.185 andFor = Fasy, = 0225 (fully-selected values).

Specification of OFL and Maximum Permissible ABC

Acceptable biological catch is estimated foR20y applying theF4x, fishing mortality rate andge
specific fishery selectivities to the projected2@stimate of agspecific total biomasdhis results in a
2022 ABC of 119,77%. There were no retrospective patteonsisk table concerne suggesthat
altering the ABC from this value is warrantddhe overfishing level is estimated forZ0by applying the



Fss0 fishing mortality rate and aggpecific fishery selectivities to the projected2@stimate of age
specific total biomass. This resuitsa 222 OFL of 143,100t.

Standard Harvest Scenarios, Projection Methodology, and Projection Results

A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56.
This set of projections encompasses sénamest scenarios designed to satisfy the requirements of
Amendment 56, the National Environmental Protection Act, and the Magi8isgans Fishery

Conservation and Management Act (MSFCMA).

For each scenario, the prdjens begin with the vector of curreyear(2021)numbers at age estimated

in the assessmertthis vector is then projeagorward to the beginning of the following year (current

year +1)using the schedules of natural mortality and selectivity described in the assessment and the best
available estimatef total (yearend) catch for the current yedém each subsequent year, the fishing

mortality rate is prescribed on the basis of the spawning biomass in that year and the respective harvest
scenarioln each year, recruitment is drawn fromiaverse Gaussian distribution whose parameters
consist of maximum likelihood estimates determined from recruitments estimated in the assessment.
Spawning biomass is computed in each year based on the time of peak spawning and the maturity and
weight schdules described in the assessme@&antal catch is assumed to equal the catch associated with

the respective harvest scenario in all ye@hsés projection scheme is rur0DO timedor each scenarit

obtain distributions of possible future stock sizésdyifg mortality rates, and catches.

Five of the seven standard scenarios will be used in an Environmental Assessment prepared in
conjunction with the final SAFEThese five scenarios, which are designed to provide a range of harvest
alternatives that arékely to bracket the final TAC for next yea2(22), are as follows; ( maxFasc0

refers to the maximum permissible valudagc under Amendment 56):

Scenario 1In all future yearsk is set equal tonaxFagc. RationaleHistorically, TAC has been
constained by ABC, so this scenario provides &lkupper limit on future TACs.

Scenario 2In all future yearsF is set equal to a constant fractiomodxFasc, where this fraction is

equal to the ratio of thEagcv al ue f or next yrecammm@rgled(ndhe aseeesmeént y e ar
to themaxFasc for next yearRationaleWhenFagcis set at a value belomaxFagc, it is often set at

the value recomended irthe stock assessment.

Scenario 3In all future yearskF is set equal to 50% of mdec. RationaleThis scenario provides a
likely lower bound orFasc that still allows future harvest rates to be adjusted downward when
stoks fall below reference levels.

Scenario 4In all future yearskF is set equal to themost recent fyear(current year61 current year
-1) averagd-. RationaleFor some stocks, TAC can be well below ABC, and recent avéraggy
provide a better indicator ¢frac thanFasc

Scenariob: In all future yearsk is set equal to zer®Rationaleln extreme cases, TAC mag ket at
a level close to zero.

Two other scenarios are needed to satisfy the MSF:
currently in an overfished conditiom i3 approaching an overfished conditidfese two scenarios are as
follow (for Tier 3 stocks, the MSY level is defined Bgy):

Scenario 61n all future yearsk is set equal t&or.. Rationale:This scenario determines whether a
stock isoverfishedlf the stock is expected telabove % of its MSY level in the current year and
above its MSY level in 10 (current year +10) yaamger this scenario, ¢m the stock is not
overfished.



Scenario 7In the next year and the following year (cunrgear +1, current year +& is set equal
to maxFagc, and in all subsequent yeaFsis set equal t&or.. Rationale This scenario determines
whether a stock is approaching an overfished conditidthe stock is expectetd be above its MSY
level in13 yearqcurrent year +13)nder this scenario, then the stock is not approaching an
overfished cadition.

Simulation result$or the seven projection scenariadicate thaArrowtoothflounder are not currently
overfished and the stock is not considet@ be approaching an overfished condi{idable7.19). The
stock projection at the average exploitation ratelie past 5 years (Figure2T) indicates that the stock
will remain aboveBaoy if fished at this rate for the next 12 yearspidaseplane diagren showing the
time-series of female spawning biomasdimates relative to the harvest control (Higure7.18) shows
that the female spawning biomass is abBxg, and that the stock Igyhtly exploited relative to reference
points, and that this trend is expected to continue through at le&s{M2@2ABC and TAC values that
have been used to nage the combined stock since 0%®e presented in Table3,

Risk Table
The following tables used to complete the risk table as directed by SSC guidance



Assessment
related
considerations

Population
dynamics
considerations

Environmental/ecosystem
considerations

Fishery
Performance

Level 1: Typical to Stock trends are No apparent No apparent
Normal moderately typical for the stock; environmental/ecosystem fishery/resource
increased recent recruitment is concerns use performance
uncertainty/minor within normal range. and/or behavior
unresolved issues concerns
in assessment.
Level 2: Substantially Stock trends are Some indicators slwing  Some indicators
Substantiall increased unusual; abundance an adverse signals releva showing adverse
y increased assessment increasing or to the stock but the patter signals but the
concerns  uncertainty/ decreasing faster  is not consistent across al pattern is not
unresolved issues than has been seen indicators. consistent across
recently, or all indicators
recruitment pattern
is atypical.
Level 3: Major problems  Stock trends are Multiple indicators Multiple
Major with the stock highly unusual; very showing consistent indicators
Concern asessment; very rapid changes in adverse signala) across  showing
poor fits to data;  stock abundance, or the same trophic level as consistent
high level of highly atypical the stock, and/or b) up or adverse signals a
uncertainty; strong recruitment patterns down trophic levels (i.e., across different
retrospective bias. predators and prey of the sectors, and/or b)
stock) different gear
types
Level 4. Severe problems Stock trends are Extreme anomalies in Extreme
Extreme with the stock unprecedented,; multiple ecosystem anomalies in
concern assessment; seve More rapid changes indicators that are highly multiple
retrospective bias. in stock abundance likely to impact the stock; performance
Assessment than have ever beer Potential for cascading  indicators hat are
considered seen previously, or ¢ effects on other ecosyster highly likely to
unreliable. very long stretch of components impact the stock

poa recruitment
compared to
previous patterns.

The table is applied by evaluating the severity of four types of considerations that could be used to

support a scientific recommendation to reduce the ABC from the maximum permissible. These
considerations ardack assessment considerations, population dynamics considerations,
environmental/ecosystem considerations, and fishery performance. Examples of the types of concerns that
might be relevant include the following:

1. Assessment considerati@nslatainputs: bi@ed ages, skipped surveys, lack of fishery
independent trend data; model fits: poor fits to fits to fishery or survey data, inability to
simultaneously fit multiple data inputs; model performance: poor model convergence, multiple



minima in the likelihood grface, parameters hitting bounds; estimation uncertainty: poorly
estimated but influential year classes; retrospective bias in biomass estimates.

2. Population dynamics consideratidndecreasing biomass trend, poor recent recruitment, inability
of the stocko rebuild, abrupt increase or decrease in stock abundance.

3. Environmental/ecosystem consideratidredverse trends in environmental/ecosystem indicators,
ecosystem model results, decreases in ecosystem productivity, decreases in prey abundance or
availability, increases or increases in predator abundance or productivity.

4. Fishery performance fishery CPUE is showing a contrasting pattern from the stock biomass
trend, unusual spatial pattern of fishing, changes in the percent of TAC taken, changes in the
duration of fishery openings.

Assessment considerations

The GOA Arrowtooth flounder assessment is based on a time series of all standard NMFS groundfish

surveys dating back to 1984. Ages from NMFS surveys are available (or will be) for all of those years.

The model exhibits good fits to abundance and composition data. The retrospective pattern from the
current assessment is good, lafardlodsldHhONZDAL), indicatingwa s ¢ a
that there is little effect due to retrospective bias

Population dynamics considerations

Stock assessment model results show that Arrowtooth flounder biomass (age 1+) was at low levels during

the 1960s and 1970s, although surveys used during that time period used unconventional methods. The
populationincrased t hroughout the 19806s and reached a pe
estimated at approximately 2 million tons. The biomass has recently declined over roughly the past 10

years, and is nhow in the vicinity of 1 million metric tons, but atdll above reference points. Population

dynamics are not a concern for this assessment.

Environmental/Ecosystem considerations

We scored this category as level 1 (normal concern) given moderate environmental conditions, limited
and mixed information orhe abundance of prey, predators, and competitors, and a lack of a mechanistic
understanding for the direct and indirect effects of environmental change on the survival and productivity
of Arrowtooth flounder.

GOA Arrowtooth flounder adults are demersalgiag from shallow shelf to deep slope habitats.

Spawning occurs during winter months of January and February in the GOA. Eggs, larva, and juveniles
are passively transported by tidal current from benthic to pelagic and slope to shallow shelf habitats from
February through April. Impacts of sea temperatures are relatively unknown. Sea temperatures were
cooler during 2021 than during the recent warm stanza. Heat wave conditions were not present in the
GOA during the spring and summer of 2021 (Watson andad 2021). No significant relationships

were found between Februafpril sea temperatures and an analysis of drift patterns using the OSCURS
model in the GOA (near Amatuli), although the unusually high recruitment in 1999, faadér,
corresponded ith unusual drift directed south into the GOA.

Physical and biological mechanisms regulating the feeding, growth, and survival of Arrowtooth flounder
are poorly understood. Arrowtooth flounder are generalist predators, and their diets often reflect the
relative abundance of prey in their environment and diet changes substantially with body size. Smaller
Arrowtooth flounder (1830 cm) typically consume shrimp, krill, large copepods, and cephalopods, while
larger Arrowtooth flounder consume small fishes sagleapelin, sand lance, and herring. During 2021,

krill densities were above average in Icy Strait the eastern GOA and of lower densities around Kodiak in
May (Kimmel 2021, Fergusson 2021). CPUE of shrimp from bottom trawl surveys were moderate around



theKodiak, Southeast Alaska, Kodiak, and Shumigan, and high around Chirikof (Palsson 2021). During
the EcoFOCI spring larval survey in the western GOA, larval fish abundances were above average for
Arrowtooth flounder and below average for all other fish gee(Deary et al. 2021). Adult Arrowtooth
flounder catch was below average offshore and above average in inshore areas near Kodiak from the
ADF&G trawl survey (Worton et al. 2021). Body condition was slightly below average for Arrowtooth
flounder and lowefor other adult groundfish species captured near the seafloor in the AFSC bottom trawl
surveys (ObLeary et al. 2021). Forage
herring spawning stock biomass (SEAK and potentially otlgions in GOA; Hebert 2021), sand lance

are present in moderate amounts in piscivorous seabird diets (Middleton Island), and capelin still remains
reduced since the 2042016 marine heatwave (AFSC summer Acoustic Trawl Survey & AFSC Bottom
Trawl Survey: Mc@wan 2021, Middleton Island seabird diets: Hatch 2021), In general, piscivorous
seabirds had average to positive reproductive success, suggesting foraging success (Drummond 2021).
Overall, environmental and prey conditions for Arrowtooth flounder weredrixeing 2021.

Primary predators of Arrowtooth flounder include pinnipeds, Pacific cod, halibut, sharks, skates, and
other Arrowtooth flounder (Spies et al. 2017). Population trends for halibut and Pacific cod in the GOA
have declined >50% since the 199Barbeaux et al. 2018, Stewart et al. 2020). Steller sea lion trends
have stabilized (eastern GOA) or remain greatly reduced (western GOA) in the GOA. Little is known
about the impacts of these predators on Arrowtooth flounder population levels, eybrtbaator

population levels remain relatively low. Bycatch of sablefish, a potential competitor of Arrowtooth
flounder, was lower in 2021 indicating reduced overlap in their distribution and likely less competition
between adult Arrowtooth flounder andotefish, generalist predators.

Fishery performance

There is no concern regarding the ability of the fishery to catch Arrowtooth flounder. At the current time,
fishery CPUE is not showing a contrasting pattern from the stock biomass trend, unusualatpetiedp
fishing, changes in the percent of TAC taken, or changes in the duration of fishery openings.

Environmental/

fish had mi:

Assessmeselated
considerations

Population dynamics
considerations

ecosystem
considerations

Fishery Performance
considerations

Level 1: Normal

Level 1: Normal

Level 1: Normal

Level 1: Normal

All scores for the risk table are Level 1, suggesting no need to set the ABC below the maximum
permissible.

Area Allocation of Harvests

Arrowtooth Flounder is managed asiagle stock in the GOA. However, the ABC is apportioned by
management area based on the fraction of the survey biomass in each area. The western region (WGOA)
is NMFS reporting area 610 (Shumagin), central region (CGOA) is 620 and 630 (Chirikof and)Kodiak

and west Yakutat and east Yakutat / southeast Alaska (SE) result from the combined NMFS areas 640 and
650 redistributed such that the west Yakutat area is between 147°W and 140°W and the east Yakutat/SE
is the portion east of 140°W. The fraction of Hiemass in the four areas was determined by applying a
time series of survey biomass estimates (Table 7.
effects model (Table 7.2). The CGOA has shown a decline in biomass since 2003, while tregmther
have remained relatively constant, with the exception of 2015 in east Yakutat/SE (Figure 7.1).

The following table shows recommended area apportionments based on the proportion of survey biomass
projected for each area using the survey averagindom effects model developed by the survey



averaging working group. This yeards area apporti
estimates. We provided the recommended area appor:
area appdionment for comparison (Spies et al., 2019).
Western Central West Yakutat East Yakutat/SE  Total
2019 Area Apportionmer 25.5% 54.4% 6.6% 13.5% 100%
2021 ABC (t) 32,377 69,072 8,380 17,141 126,970
2022 ABC (1) 31,479 67,154 8,147 16,665 123,445
2021 Area Apportionmer 28.1% 57.1% 5.6% 9.2% 100%
2022 ABC (1) 33,658 68,394 6,707 11,020 119,779
2023 ABC (1) 33,214 67,493 6,619 10,85 118,201

Status Determination

In addition to the seven standard harvest scenarios, Amendments 48@B®AI and GOA Groundfish
Fishery Management Plans require projections of the likely OFL two years into the future. While
Scenario 6 gives the best estimate of OFL for2@2loes not provide the best estimate of OFL for3202
because the mean 2D@atch under Scenario 6 is predicated on the2ai2ch being equal to the 202
OFL, whereas the actual 2D2atch will likely be less than the 2D®FL. The executive summary
contains the appropriate orend tweyear ahead projections for both ABC and OFL.

Under the MSFCMA, the Secretary of Commerce is required to report on the status of each U.S. fishery
with respect to overfishing. This report involves the answers to three questions: 1) Is the stock being
subjected to overfishing? 2) Is the stock curreatlgrfished? 3) Is the stock approaching an overfished
condition?

Is the stock being subjected to overfishiigie official catch estimate for the most recent complete year
(2020) is 21,122t. This is less than the 20 OFL of 153,017. Therefore, the stk is not being subjected
to overfishing.

Harvest Scenarios #6 and #7 are intended to permit determination of the status of a stock with respect to
its minimum stock size threshold (MSST). Any stock that is below its MSST is defined to be overfished.
Any stock that is expected to fall below its MSST in the next two years is defined to be approaching an
overfished condition. Harvest Scenarios #6 and #7 are used in these determinations as follows:

Is the stock currently overfished?h i s d e p e n d sestimated spavningsbiomaskird2620:

a) If spawning biomass for 2Q4s estimated to be below Basy, the stock is below its MSST.

b) If spawning biomass for 204s estimated to be abo®Bas« the stock is above its MSST.

c) If spawning biomass for 202s estimatd to be above ‘Bssy but belowBsss, t he st ockods s
relative to MSST is determined by referring to harvest Scenario #6 (Tdl§e If the mean
spawning biomass for 3@ is belowBssy, the stock is below its MSST. Otherwise, the stock is
above its MS$.

Is the stock approaching an overfished condition? This is determined by referring to harvest Scenario #7:

a) If the mean spawning biomass for 308 below ¥Bssy, the stock is approaching an overfished
condition.

b) If the mean spawning biomass for 302 aboveBssy, the stock is not approaching an overfished
condition.

c) If the mean spawning biomass for 308 above ¥Bssy but belowBssy, the determination
depends on the mean spawning biomass fod.20&he mean spawning biomass for 208
belowBssy, the stock is approaching an overfished condition. Otherwise, the stock is not
approaching an overfished condition.



Based on the above criteria and Tahlk, the stock isiot currently overfishedand is not approaching

an overfished contion. The tests for evaluating these two statements on status determination require
examining the current model projections of spawning biomass relatBg-.4tor 2021 and 203. The

estimates of spawning biomass for 2@2d 203 from the current year (21) projection model are

717,925t and691,941t, respectively. Both estimates are well above the estim&@2#Bssq, at 356,544

t and, therefore, the stock is not currently overfished nor approaching an overfished conditiefrofie

t he automomredsledeenodel that would have pro@kLced a c
wasF=0.238

Specified Catch Estimation

In response to Plan Team recommendations, we have established a consistent methodology for estimating
currentyear and future year catches in order to provide more accuratetw@rojections of ABC and

OFL to management. In the past, two standard appesain flatfish models have been employed; assume

the full TAC will be taken, or use a certain date prior to publication of assessments as a final estimate of
catch for that year. Both methods have disadvantages. If the author assumes the full TACeigeiake

year, but it rarely is, the ABC will consistently be underestimated. Conversely, if the author assumes that
the catch taken by around October is the final catch, and substantial catch is taken thereafter, ABC will
consistently be overestimated.

The Arrowtooth flounder assessment extrapolates current yearisdchoberusingthe 5-year average
of catch taken between Octoldetand December 31 in the Idate complete catch years (e.g. 91
2020. The 202 catch through Octobdr7, 2021 was9,103t. The total catch in 2(Rwas estimated to be
10,052t based on the proportion caught through this date for the past 5 yEa)s (9

Overfishing Definition

Based on the definitions for overfishing in Amendment 44 in Tier 3aKie.,= Fss0=0.225), the
overfishing limitis set equal t443,100t in 2022and141,231t in 2023for GOA Arrowtoothflounder.

Data Gaps and Research Priorit

We recommend studies on genetic population strucfuderowtoothflounder, as stock structure has not
been examined in this specidsalysis of the herding and escapement studiestfimwtoothflounder

would result in improved estimates of selectivities and catchability. Otoliths have been aged through the
2019 survg, but continued aging will allow monitoring of growth tren8sme fishery ages are

available, although sporadic, and it may be useful to include those in the model in the future or to request
more samples be collected in future yeArsorrelation betwen bottom temperatures and catchability

has been observed Aarowtoothflounder and other flatfish; whether a similar relationship exists for

GOA Arrowtoothflounder would provide helpful information for the estimation of catchability. In

addition, an exaination of catchability may benefit the model. In the future, we piay to explore the

utility of modelbased survey time series (e.g., VAST model) as a way to integratdditienalsurveys

that may be useful to include for the G@#&owtoothflounde model (e.g., AFSC longline survey or

IPHC longline survey)Growthand agdength conversion matricésve not been updated for several

years and should be revisited in future assessmddtionally, we plan to investigate the lack of fit in
female swey age and fishery length compositions, potentially examining the interaction between female
natural mortality and selectivitfthe GOA CEATTLE model is now more developed and has potential to
provide a gagree index of predation mortality for GOArrowtooth flounder(Adams et al., 2021We

will consider exploring incorporating estimates of predation mortality thmmostecent GOA

CEATTLE modeland willinclude efforts to streamline data pulls and procedsatgeerthesingle and
multi-species modeldnvestigation into the proper weightifigr sample sizes is ongoing and we plan to
use fibest practicesd guidance on this topic when
dirichletmultinomial in the future to better estate effective sample size for the composition data.



Ecosystem Considerations

Please see AppendixfBr more detail®n ecosystem considerations for Arrowtooth flounder in the
GOA. Also please see Appendix C for more details on the economic perfornfdiatésh fisheries in
the GOA.In the futurewe plan to investigate ecosystamd socioeconomiconsiderations through the
Ecosystem and Socioeconomic Profile @fEframework. The ESP provides a unique opportunity to
explore unaccountefibr uncertaintythrough an ecosystem and socioeconomic approach to fisheries
management. The new data in this updated model includes some promising signs for @vetame
2017 year class which is concurrent with a cooler year in the GOA following the22d®4marine
heatwaves and suggests improved conditions for Arrowtooth yolitige-year during 2017. Recruitment
trends could be explored within the ESP.
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Tabl es

Table7.1: Surveyestimateof biomasdn the four Gulf of AlaskaregulatoryareasWesternGOA
(NMFSarea610), Central GOA (620 and630), West Yakutat,and EastY akutat/SEAlaska.

Western Central West Yakutat East Yakutat/SE
Year Biomass CV Biomass Ccv Biomass CV Biomass Ccv
2003 341,620 0.13 2,195,096 0.17 94,184 0.27 188,195 0.19
2005 215,278 0.14 1,440,854 0.08 122,390 0.30 121,064 0.30
2007 263,856 0.13 1,434,851 0.09 104,952 0.38 132,361 0.34
2009 285,427 0.19 1,201,756 0.12 114,665 0.30 170,181 0.25
2011 225,683 0.15 1,175,072 0.14 91,580 0.42 255,004 0.25
2013 205,752 0.24 763,845 0.14 196,318 0.22 124,812 0.28
2015 237,919 0.14 912,713 0.12 129,075 0.29 381,574 0.17
2017 311,318 0.12 519,312 0.09 76,627 0.36 146,437 0.26
2019 275,024 0.12 585,238 0.08 70,680 0.29 145,785 0.20

2021 362,567 0.17 620,495 0.08 53,915 0.21 95,215 0.16




Table7.2. Random effects model applied to survey biomass estimates in the four Gulf of Alaska
regulatory areas, Western GOA (NMFS area 610), Central GOAA62®30), West Yakutat, and East

Yakutat/SE Alaska.

Western Central West Yakutat East Yakutat/SE
Year Biomass CV Biomass cv Biomass CV Biomass CcVv
2003 287,222 0.13 1,915530 0.15 102,457.0 0.22 178,904.0 0.18
2004 274953 0.09 1,681,560 0.14 106,860.0 0.22 157,627.0 0.27
2005 263,207 0.09 1,476,160 0.07 111,452.0 0.20 138,880.0 0.23
2006 262,428 0.09 1,443,210 0.13 111,763.0 0.22 141,510.0 0.29
2007 261,652 0.08 1,410,990 0.08 112,075.0 0.21 144,190.0 0.24
2008 260,382 0.09 1,310,600 0.13 114,374.0 0.22 157,963.0 0.28
2009 259,119 0.09 1,217,350 0.10 116,721.0 0.20 173,052.0 0.20
2010 255,146 0.10 1,159,600 0.14 120,000.0 0.22 194,574.0 0.27
2011 251,233 0.12 1,104,590 0.11 123,372.0 0.21 218,773.0 0.21
2012 252,021 0.13 963,445 0.14 135,546.0 0.21 195,376.0 0.27
2013 252,812 0.13 840,336 0.11 148,922.0 0.20 174,481.0 0.24
2014 257,271 0.11 834,002 0.14 133,199.0 0.21 234,729.0 0.26
2015 261,808 0.10 827,716 0.10 119,136.0 0.19 315,782.0 0.18
2016 271,964 0.08 678,667 0.13 102,902.0 0.21 232,000.0 0.25
2017 282,513 0.08 556,458 0.09 88,880.0 0.20 170,447.0 0.21
2018 285,733 0.09 570,699 0.13 80,216.7 0.21 154,946.0 0.26
2019 288,990 0.09 585,303 0.07 72,3979 0.19 140,854.0 0.17
2020 296,057 0.11 600,576 0.13 66,0285 0.21 118,529.0 0.25
2021 303,298 0.14 616,248 0.08 60,219.5 0.19 99,742.3 0.15




Table7.3. Catch, OFL, ABC, and AC for Arrowtooth Flounder in the Gulf of Alaska from 1964 to
October 17, 2021. Values are in metric tons. Arrowtooth Flounder ABC was separated from the Flatfish
ABC after 1990. Source: AKFIN databasgtps://akfinbi.psmfc.org/analytigsCatchvalue for2021is
accurate as of October 17, 2021.

Year Catch OFL ABC TAC Year Catch OFL ABC TAC
1964 514 2001 19,964 173,546 148,151 38,000
1965 514 2002 21,231 171,057 146,264 38,000
1966 2,469 2003 29,994 181,394 155,139 38,000
1967 2,276 2004 15,304 228,134 194,900 38,000
1968 1,697 2005 19,770 228,134 194,900 38,000
1969 1,315 2006 27,653 207,700 177,800 38,000
1970 1,886 2007 25,494 214,828 184,008 43,000
1971 1,185 2008 29,293 266,914 226,470 43,000
1972 4,477 2009 24,937 261,022 221,512 43,000
1973 10,007 2010 24,268 254,271 215,882 43,000
1974 4,883 2011 30,903 251,068 213,150 43,000
1975 2,776 2012 20,565 250,100 212,882 103,300
1976 3,045 2013 21,612 247,196 210,451 103,300
1977 9,449 2014 36,300 229,248 195,358 103,300
1978 8,409 2015 19,056 226,390 192,921 103,300
1979 7,579 2016 19,835 219,430 186,188 103,300
1980 7,848 2017 26,866 219,327 186,083 103,300
1981 7,433 2018 18,873 180,697 150,945 76,300
1982 4,639 2019 20,061 174,598 145,841 99,295
1983 6,331 2020 21,122 153017 128060 96,969
1984 3,457 2021 9,103 151723 126970 97,372
1985 1,539

1986 1,221

1987 4,963

1988 5,138

1989

1990 7,706 343,300

1991 10,034 340,100 20,000

1992

1993 15,970 427,220 303,889 25,000
1994 15,559 451,690 321,287 30,000
1995 23,560 275,930 236,240 30,000
1996 22,583 231,420 198,130 35,000
1997 16,319 280,800 197,840 35,000
1998 12,975 295,970 208,337 35,000
1999 16,207 308,875 217,106 35,000
2000 24,252 173,915 145,361 35,000



https://akfinbi.psmfc.org/analytics/

Table 7.4. Catch (t) of Arrowtooth flounder as bycatch in other fisheries from-#8%ent. Other
fisheriesand Atka Mackeretategory not included due to confidentiality (# vessels or # processors is
fewer than or equal to 2). Source: NMFS AKRO Blerad® Accounting System via AKFIN
10/30/2021.

Year Flatfish Halibut Pacific Cod Pollock Rockfish Sablefish
1991 3,202 283 1,375 2,941 197
1992 11,295 3,005 1,314 3,657 1,235
1993 12,919 1,970 862 1,044 1,702
1994 16,656 3,191 Conf. 898 979
1995 12,344 2,795 380 1,671 1,076
1996 17,842 1,341 Conf. 2,062 612
1997 10,976 3,034 Conf. 1,233 506
1998 8,267 2,113 Conf. 1,709 561
1999 7,849 4,000 Conf. 2,378 699
2000 17,856 2,165 Conf. 2,417 840
2001 10,641 4,777 Conf. 1,532 494
2002 18,076 590 Conf. 1,422 464
2003 25,616 50 1,214 659 1,350 254
2004 10,475 47 1,715 1,162 2,020 242
2005 15,597 61 765 2,312 961 274
2006 22,491 36 1,029 2,747 1,085 351
2007 21,201 80 1,433 1,631 688 474
2008 23,647 29 3,007 1,569 517 500
2009 22,658 59 757 759 497 179
2010 20,729 36 373 2,495 707 156
2011 27,843 7 564 2,019 341 181
2012 17,521 5 791 1,341 763 194
2013 17,161 81 1,398 1,784 766 337
2014 30,750 36 1,310 2,598 1,426 190
2015 14,626 28 1,092 1,758 1,397 181
2016 15,828 17 1,354 1,290 1,197 134
2017 23,516 41 489 1,335 1,416 99
2018 14,922 42 95 2,668 761 335
2019 21,428 39 238 2,019 733 125
2020 17,426 28 51 2,417 890 311
2021 5,862 27 42 645 2,452 75

Average 16,685 39 1,515 1,446 1,385 450




Table 7.5Incidental catch of FMP groundfish species caught in Arrowtooth flounder target fishery in the
Gulf of Alaska from 2017 2021. Conf. = Confidential data since # vessels or # processors is fewer than
or equal to 2. Source: NMFS AKRO Blend/Catch Accoungiygtem via AKFIN 10/30/2021.

Group Name 2017 2018 2019 2020 2021 Average
Arrowtooth Flounder 22,879 14,317 20,500 16,615 5,416 15,945
Pacific Ocean Perch 3,260 531 1,694 956 672 1,423
Flathead Sole 1,451 1,545 1,856 1,318 214 1,277
Pacific Cod 1,256 880 1,439 1,237 373 1,037
Pollock 1,093 1,807 1,501 579 115 1,019
GOA Rex Sole 1,049 925 932 710 112 746
Sablefish 647 1,196 955 494 273 713
GOA Shallow Water Flatfish 385 534 726 679 35 472
GOA Skate, Big 319 464 579 498 24 377
GOA DuskyRockfish 304 132 291 105 208 208
Shark 300 251 320 53 37 192
GOA Skate, Longnose 191 270 285 176 21 189
Northern Rockfish 154 130 420 66 70 168
Atka Mackerel 61 130 266 Conf. Conf. 143
GOA Skate, Other 187 136 138 45 20 105
GOA RougheydRockfish 79 131 106 87 22 85
GOA Deep Water Flatfish 148 62 30 53 29 64
Sculpin 104 34 136 14 72
GOA Thornyhead Rockfish 15 18 77 37 24 34
Other Rockfish 61 8 41 14 17 28
Octopus 2 9 32 32 Conf. 15
GOA Shortraker Rockfish 19 13 21 13 Conf. 15

Squid 1 2 2




Table 7.6. NorFMP species bycatch estimates in tons for Gulf of Alaska Arrowtooth flounder fishery
2017- 2021. Conf. = Confidential data since # vessels or # processors is fewer than or equal to 2. Source:
NMFS AKRO Blend/Catch Accounting System via AKFIN 10/30/2021.

Group Name 2017 2018 2019 2020 2021
Benthic urochordata 1.57 Conf. - 0.02 Conf.
Birds - Northern Fulmar - - - - -
Bivalves 0.03 0.20 0.25 Conf. Conf.
Brittle star unidentified 0.06 0.06 0.07 0.00 Conf.
Capelin 0.14 3.89 0.47 Conf.

Corals Bryozoans Corals 0.13 Conf. 0.19 0.19 0.37
Bryozoans Unidentified

Eelpouts 2.29 0.55 0.72 2.56 0.26
Eulachon 4.07 7.84 8.27 2.45 0.46
Giant Grenadier 86.37 Conf. Conf. 80.07 1.34
Greenlings 0.57 0.59 0.87 0.74 0.39
Grt'enadl.e.r- Rattail Grenadier 10.22 Conf. Conf. 0.24
Unidentified

Gunnels 0.00

Hermit crab unidentified 0.11 0.16 0.02 Conf. 0.08
Invertebrate unidentified 0.09 0.33 Conf. 0.02
Misc crabs 0.04 0.03 0.03 0.04 Conf.
Misc crustaceans 0.49 Conf. 2.21 0.08 0.00
Misc deep fish Conf.

Misc fish 75.30 116.24 137.32 109.21 18.27
Misc inverts (worms etc) 0.02

Other osmerids 1.76 0.23 0.22

Pacific Hake 0.49 Conf. 0.04

Pacific Sand lance Conf. 0.13 Conf. 0.01
Pacific Sandfish Conf.

Pandalid shrimp 2.22 4.68 14.35 12.31 0.07
Polychaete unidentified 0.02 Conf.

Saffron Cod Conf.

Sculpin 18.88
Scypho jellies 0.97 0.61 13.44 3.12 1.80
Sea anemone unidentified 0.70 1.02 1.00 0.33 Conf.
Seapens whips 0.03 Conf. Conf.

Sea star 32.21 41.77 19.25 5.90 11.25
Snails 0.95 0.45 1.73 0.11 Conf.
Sponge unidentified 0.23 Conf. Conf. 0.23 0.13
Squid 4.64 44.09 4.96
Statemanaged Rockfish 0.17 1.75 Conf. 0.15 0.36
Stichaeidae 0.59 0.14 0.76 0.45 0.03

urchins dollars cucumbers 2.24 1.07 0.87 0.81 0.76




Table 77: Percent of the Arrowtooth Flounderthe GOAdiscarded andetained by commercial fishing
operations 1992021. Source: AKFIN databadettps://akfinbi.psmfc.org/analytigsData downloaded
October 302021.

Year Percent discarded Percent retained

1991 875 12.5
1992 97.7 2.3

1993 91.9 8.1

1994 98.0 2.0

1995 87.6 12.4
1996 75.8 24.2
1997 81.8 18.2
1998 84.1 15.9
1999 73.6 26.4
2000 57.4 42.6
2001 66.8 33.2
2002 50.3 49.7
2003 56.8 43.2
2004 57.7 42.3
2005 399 60.1
2006 42.2 57.8
2007 40.8 59.2
2008 29.9 70.1
2009 48.5 51.5
2010 40.8 59.2
2011 214 78.6
2012 23.0 77.0
2013 247 75.3
2014 94 90.6
2015 104 89.6
2016 8.5 91.5
2017 7.1 92.9
2018 8.1 91.9
2019 5.2 94.8
2020 6.0 94.0

2021 129 87.1



https://akfinbi.psmfc.org/analytics/

Table 78: The number of fisheries length observations taken by fisheries observers, and the number of
hauls from which those samples were taken, by year-202% (Source: AKFIN databad®/17/2021).

Weights applied to fishery length comps

Year Number of Obsevations Number of Hauls Females Males
1977 868 20 20
1978 5,491 20 20
1979 9,499 20 20
1980 4,500 20 20
1981 2,062 20 20
1982 19,139 20 20
1983 14,963 20 20
1984 7,149 20 20
1985 671 20 20
1986 194 20 20
1987 763 20 20
1988 211 20 20
1990 217 48 7 7
1991 5,892 151 95 89
1992 198 5 2 2
1993 1,223 26 12 12
1995 2,628 2 10 10
1996 889 19 15 15
1997 2,999 20 14 14
1998 472 38 6 4
1999 2,642 83 129 122
2000 6,351 193 200 200
2001 6,269 479 200 200
2002 8,275 527 200 200
2003 15,054 658 200 200
2004 4,961 1075 200 200
2005 7,073 517 200 200
2006 8,413 496 200 200
2007 10,004 511 200 200
2008 9,271 501 200 200
2009 8,406 544 200 200
2010 7,600 378 200 200
2011 11,282 396 200 200
2012 9,583 640 200 200
2013 8,182 573 200 200
2014 16,346 621 200 200
2015 11,848 928 200 200
2016 10,979 617 200 200
2017 15,502 582 200 200
2018 7,009 818 200 200
2019 9,223 1981 200 200
2020 7172 2474 200 200

2021 1763 2138 200 200




Table 79: Biomass estimates, standard errors, coefficient of variation (CV), number of hauls, and
maximum depth (m) from bottom trawl surveys, 128P1. *The 2001 survey biomass for the eastern
GOA was estimated by using the average of the 1993 to 1999 biomasgesin eastern GOA.

Survey Biomass (t) Standard Ccv Number of Maximum
error hauls depth (m)
NMFS triennial 1984 1,112,215 72,576 0.07 929 1,000
NMFS triennial 1987 931,598 73,963 0.08 783 1,000
NMFS triennial 1990 1,907,177 244,308 0.13 708 500
NMFS triennial 1993 1,553,616 100,227 0.06 775 500
NMFS triennial 1996 1,639,632 114,633 0.07 807 500
NMFS triennial 1999 1,262,151 99,311 0.08 764 1,000
NMFS 2001 1,621,892* 178,408 0.11 489 500
NMFS 2003 2,819,095 370,652 0.13 809 700
NMFS 2005 1,899,587 125,802 0.07 835 1,000
NMFS 2007 1,936,020 150,086 0.08 820 1,000
NMFS 2009 1,772,029 159,402 0.09 823 1,000
NMFS 2011 1,747,339 179,800 0.10 670 700
NMFS 2013 1,290,727 130,349 0.10 548 700
NMFS 2015 1,661,281 134,018 0.08 772 1,000
NMFS 2017 1,053,695 76,190 0.07 536 700
NMFS 2019 1,076,727 67,327 0.06 541 700
NMFS 2021 1,132,192 83,427 0.07 529 700




Table 710: Survey biomass estimates (t) for 1984 to 2021 by area; Western (NMFS area 610), Central
(areas 620 and 630), akdstern (areas 640, 650, 649, 659). The 2001 survey biomass for the eastern
GOA was estimated by using the average of the 1993 to 1999 biomass estimates in the eastern GOA.

Year Western GOA Central GOA Eastern GOA Total
1984 72,863 823,216 216,136 1,112,215
1987 118,584 647,596 165,418 931,598
1990 221,858 1,504,638 180,681 1,907,177
1993 214,240 1,117,361 222,015 1,553,616
1996 202,594 1,176,714 260,324 1,639,632
1999 143,374 845,176 273,601 1,262,151
2001 185,432 1,175,305 251,980 1,360,738
2003 341,620 2,195,096 282,379 2,819,095
2005 215,278 1,440,854 243,454 1,899,587
2007 263,856 1,434,851 237,313 1,936,020
2009 285,427 1,201,756 284,846 1,772,029
2011 225,683 1,175,072 346,584 1,747,339
2013 205,752 763,845 321,130 1,290,727
2015 237,919 912,713 510,649 1,661,281
2017 311,318 519,312 223,065 1,053,695
2019 275,024 585,238 216,465 1,076,727
2021 362567 620495 149130 1,132192




Table 711 The number of agefish for collection years from 8¥-2019. The methods of otolith reading
are as followsB = breakandburn, M = burn and toast, Sctolith surface readind) = unburned cross
section, and V = brea&indtoast Note: fish collected from the 2017 GOA survey &ianot been aged yet.
The ageing collection include8,420total fish,but only 12,308 fisthad both age and length datad
could therefore basedto constructhe length age conversion matrix.

Ageing Method

Year B M S U \ Unknown  Total
1984 1,293 1,293
1987 600 1 378 133 422 1534
1990 232 93 325
1993 679 363 1,042
1996 239 452 11 702
1999 153 322 456 931
2001 62 684 638 1,384
2003 236 380 1 417 1,034
2005 1 29 230 20 449 729
2007 3 38 21 724 786
2009 590 212 20 822
2011 52 2 77 29 739 899
2013 1 254 16 551 822
2015 177 15 425 617
2017 4 163 9 721 897
2019 3 226 17 650 896

Total 2855 32 4,049 281 6,192 13,420




Table 7.10: Length data (cm) from NMFS GOA surveys in 188dugh 2021. The numbers are percentages, where the numbers add to 100
within a year for each seRlease note this data is fiibtin the author recommended model.

Females
Year 10 16 18 20 22 24 26 28 30 32 34 36 38 40 43 46 49 52 55 58 61 64 67 70 75 75+

1984 0.00 0.07 0.08 0.14 0.67 1.23 208 221 201 299 351 400 419 750 16.17 1542 993 710 529 379 323 296 281 172 0.76 0.13
1987 0.00 0.05 0.17 050 159 209 205 259 482 517 475 450 521 464 6.25 738 955 1210 9.67 504 255 201 196 233 248 0.54
1990 0.00 0.10 0.17 0.54 1.20 159 217 258 3.70 444 399 417 483 494 10.19 1045 984 831 7.68 586 415 290 137 1.17 211 151
1993 0.00 0.10 0.19 1.07 238 273 242 251 292 318 349 378 391 451 7.67 886 947 11.26 11.94 819 412 201 119 0.87 0.78 0.43
1996 0.01 0.11 0.26 1.31 230 3.17 263 216 269 3.04 349 347 451 506 787 760 823 10.81 12.78 856 3.98 210 1.33 0.89 1.17 0.48
1999 0.01 0.15 043 200 3.34 259 242 393 455 432 457 501 484 441 584 540 654 805 10.13 985 557 250 1.44 094 0.72 0.45
2001 0.01 0.07 0.31 2.06 458 532 325 261 346 421 375 395 448 427 654 716 773 795 7.27 745 539 298 178 129 1.66 0.46
2003 0.00 0.37 0.39 159 3.27 3.10 279 311 386 496 544 510 534 488 606 571 590 7.45 10.13 9.69 578 245 1.15 052 0.63 0.33
2005 0.01 030 0.42 1.22 159 163 270 350 3.79 4.26 497 575 6.62 7.38 11.07 952 857 6.70 637 581 3.65 188 095 058 0.50 0.27
2007 0.03 0.07 0.44 159 269 228 262 369 441 427 332 328 331 398 662 7.81 10.77 13.13 10.36 6.71 4.15 2.07 096 0.59 0.45 041
2009 0.00 0.13 0.53 241 329 254 232 350 462 524 516 530 500 515 651 552 6.48 959 1217 751 3.62 164 082 041 0.35 0.19
2011 0.03 0.13 0.10 0.37 1.30 2.00 197 206 290 350 3.27 410 473 471 792 855 9.85 10.67 1258 9.23 540 225 1.01 0.58 0.51 0.28
2013 0.02 0.63 0.31 055 197 403 433 382 3.75 4.00 353 288 287 423 7.00 853 11.43 1281 10.29 7.43 333 119 044 020 0.28 0.16
2015 0.02 0.15 0.25 0.60 1.25 286 4.15 581 7.22 838 684 437 376 338 530 530 7.80 10.24 10.29 6.74 3.34 113 042 0.20 0.13 0.06
2017 0.01 0.20 0.35 1.47 234 333 367 333 434 471 547 632 720 799 977 791 694 7.09 6.29 456 3.09 202 0.89 040 0.22 0.09
2019 0.00 033 041 170 461 569 571 539 570 643 555 508 489 483 730 813 918 739 434 240 169 136 1.02 059 0.20 0.05
2021 0.00 0.22 0.18 0.88 250 3.24 330 386 577 6.27 6.23 6.75 7.05 6.77 9.20 799 812 9.00 648 282 133 0.77 057 0.39 0.27 0.06

Males
Year 10 16 18 20 22 24 26 28 30 32 34 36 38 40 43 46 49 52 55 58 61 64 67 70 75 75+

1984 0.00 0.27 0.18 045 117 247 3.88 499 529 6.03 7.26 881 1246 16.74 17.46 845 256 0.68 0.26 0.19 0.10 0.07 0.13 0.05 0.02 0.02
1987 0.00 0.42 0.37 1.06 208 3.39 320 470 828 950 891 10.17 9.02 8.68 14.13 10.22 365 116 049 034 008 0.09 0.03 0.02 0.01 0.00
1990 0.00 0.16 0.21 0.77 1.63 220 283 3.79 557 6.07 7.08 748 846 10.62 18.01 16.17 7.04 134 0.38 0.10 0.02 0.03 0.01 0.02 0.00 0.00
1993 0.00 0.16 0.54 2.06 3.68 3.47 3.15 3.76 4.05 419 428 484 6.10 8.14 16.83 18.34 1243 3.03 049 0.17 0.18 0.04 0.05 0.02 0.00 0.00
1996 0.01 0.28 0.54 1.87 4.05 4.19 324 277 346 409 488 574 633 7.32 1232 17.42 1495 529 090 0.14 0.10 0.06 0.01 0.03 0.01 0.00
1999 0.05 0.36 0.76 3.51 532 3.73 350 558 6.03 592 584 6.11 593 6.21 10.08 13.25 11.46 535 0.74 0.16 0.08 0.01 0.01 0.01 0.00 0.00
2001 0.02 0.21 0.79 476 887 7.47 413 466 6.07 570 554 566 565 555 10.01 992 916 495 0.87 0.02 0.01 0.00 0.00 0.00 0.00 0.00
2003 0.00 1.20 0.73 4.26 6.42 525 446 4.22 559 751 756 757 824 607 9.18 925 6.67 440 107 0.30 0.02 0.00 0.02 0.00 0.01 0.00
2005 0.01 0.75 1.05 209 3.24 3.08 443 491 547 575 643 7.22 10.03 10.26 1560 9.79 6.01 288 0.82 0.11 0.04 0.02 0.00 0.01 0.01 0.00
2007 0.01 0.13 0.78 245 3.60 297 3.74 553 6.52 581 477 440 509 751 19.07 16.54 737 271 085 0.11 0.01 0.01 0.01 0.00 0.00 0.00
2009 0.02 0.34 1.26 4.15 4.87 412 345 529 6.28 795 730 6.65 6.72 6.74 11.23 1263 7.25 273 0.79 0.19 0.01 001 0.01 0.00 0.01 0.00
2011 0.00 0.20 0.36 0.65 2.48 3.62 295 3.71 534 537 546 6.06 751 831 16.77 16.14 10.82 3.50 0.63 0.05 0.04 0.01 0.00 0.00 0.01 0.00
2013 0.01 0.33 0.30 0.80 3.42 432 456 5.14 486 504 417 458 588 7.48 1591 17.14 10.75 457 055 0.18 0.01 0.01 0.00 0.00 0.00 0.00
2015 0.00 0.19 0.28 0.63 220 3.39 507 6.82 9.03 9.15 6.03 4.65 522 541 11.71 1420 10.54 4.45 0.85 0.14 0.02 0.01 0.00 0.01 0.00 0.00
2017 0.02 0.27 0.56 200 3.38 468 546 651 6.17 7.03 7.72 954 980 9.14 1061 931 595 162 0.13 0.05 0.02 000 0.01 0.00 0.00 0.00
2019 0.00 0.44 0.57 207 503 642 643 6.19 7.15 756 6.75 6.32 7.27 849 1481 898 410 112 0.18 0.05 0.02 0.03 0.00 0.00 0.00 0.00
2021 0.00 0.31 0.30 112 356 4.77 397 520 7.68 7.09 6.18 8.07 883 10.29 14.76 10.80 543 135 0.25 0.02 0.01 0.00 0.00 0.00 0.00 0.00




Table 7.11: The number of male and fenfaleowtoothflounder lengths recorded on NMFS GOA
surveys, 19842021.Please note this data is ribtin the author recommended model.

Year Females Males
1984 10,254 5,682
1987 12,741 6,359
1990 12,215 5,921
1993 14,543 6,855
1996 15,448 7,936
1999 15,350 8,076
2001 9,434 4,624
2003 16,879 9,052
2005 17,147 8,680
2007 15,058 7,883
2009 15,468 8,287
2011 12,019 6,518
2013 8,169 4,531
2015 13,178 7,834
2017 9,136 5,393
2019 9,749 6,084

2021 9,376 5,611




Table 7.12: Parameters estimated outside the model, natural mortality, survey catchability, and weight at
age.

Parameter name  Description

M = 0.2 females,

M = 0.35 males Natural mortality

Q=10 Survey catchability

Weight at age for Length at age derived from the lengtbe conversion matrix was converted to
males and females weight based on a vdertalanffy relationship from 1972013 survey data.

Table 7.B: Estimated parameters for the model. There wBigdtal parameters estimated in the model.

Parameter name Number Description

Log of the geometric mean value of age 1

meanlogrec 1 recruitment
recdevt a4 Recrwtment deviation in year t (not estimated in

final year)
recdevt init 21 Recruitment deviation for initial age composition
logavgfmort 1 Log of geometric mean value of fishing mortality
fmortdevt 45 Deviations infishing mortality rate in year t

0 -

Survey selectivity 4 Slope and age at 50% selectivity for male and

female logistic survey selectivity curve

19 male and 19 female fishery selectivity
38 parameterspne for each age and constrained to
smooth functiontotal of 38

Nonparametric estimates of
fishery selectivity

Fao% Fasu F3o% 3




Table7.14 Negative logikelihoods for the last full assessment model and the current author preferred
model for GOAArrowtoothflounder. Note that the amounts of data differ between the 2019 and 2021
model update so likelihood component values are not compdetleen models

Model 19.0 (2019) Model 19.0 (2021)

Total -log(Likelihood)

Catch 0.00000004 0.00000004

Recruitment 4.9668 5.03702

GOA survey biomass 28.4486 27.8613
GOA survey age comj 250.048 276.906
Survey length comy 92.2046 0
Fishery length comg 796.457 816.166
Priors/Penalties 20.1857 21.1585
Fishery selectivity 1.46121 1.70207
Survey selectivity 5.59412 5.59649
Number of parameter 161 165

Total Likelihood 183.487 177.674




Table 7.5: Estimated total (age 1+) biomass (t) &whale spawning biomass (FSB), @pes not include
projected estimates.
Model 19.0 (2019) Model 19.0 (2@1)

Model 19.0 (2019)  Model 19.0 (2@1)

Year Biomass Biomass FSB FSB

1977 1,216,610 1,226,840 718,407 724,860
1978 1,211,520 1,217,860 711,689 718,291
1979 1,215,610 1,215,790 704,950 711,867
1980 1,223,200 1,216,170 697,756 704,909
1981 1,227,650 1,213,430 689,831 696,755
1982 1,229,490 1,208,420 683,641 689,392
1983 1,234,170 1,207,420 683,842 686,996
1984 1,245,340 1,215,980 688,408 687,252
1985 1,280,690 1,254,240 700,123 693,367
1986 1,329,640 1,310,620 713,236 700,724
1987 1,388,170 1,377,880 721,912 704,607
1988 1,452,610 1,449,450 723,910 703,325
1989 1,519,020 1,521,260 728,942 707,227
1990 1,580,890 1,586,480 747,723 728,190
1991 1,634,520 1,640,990 778,416 765,076
1992 1,678,640 1,677,300 818,508 807,847
1993 1,700,620 1,692,930 857,027 849,487
1994 1,711,580 1,699,800 895,568 890,076
1995 1,706,970 1,695,590 923,509 920,516
1996 1,701,290 1,689,520 948,093 945,287
1997 1,696,340 1,683,200 962,028 958,265
1998 1,714,770 1,700,040 974,345 969,222
1999 1,753,150 1,736,690 979,604 973,447
2000 1,818,330 1,800,450 973,346 966,484
2001 1,865,510 1,846,490 957,801 950,339
2002 1,908,910 1,889,030 950,070 941,897
2003 1,937,550 1,916,920 952,762 943,549
2004 1,947,320 1,926,290 966,679 956,312
2005 1,964,790 1,943,540 1,011,570 1,000,360
2006 1,966,630 1,945,340 1,062,000 1,050,130
2007 1,940,850 1,919,540 1,096,690 1,084,240
2008 1,903,920 1,882,570 1,112,470 1,099,520
2009 1,844,400 1,823,200 1,108,960 1,095,640
2010 1,776,750 1,755,930 1,101,150 1,087,590
2011 1,708,910 1,687,840 1,090,360 1,076,310
2012 1,639,270 1,618,680 1,066,940 1,052,990
2013 1,586,650 1,566,580 1,040,800 1,027,160
2014 1,533,040 1,513,960 1,002,030 988,811
2015 1,463,320 1,446,290 942,076 929,268
2016 1,418,830 1,402,090 895,422 883,013
2017 1,378,080 1,363,850 854,232 842,156
2018 1,358,200 1,336,650 817,371 805,638
2019 1,333,540 1,314,860 794,350 783,231
2020 - 1,294,430 - 757,054
2021 - 1,267,240 - 730,753




Table 7.5: Estimated total (age 1+) total biom#&gsand female spawning biomass (F$8,)based on
MCMC runs for Model 19.0 (2021). Lower 9580d upper 95% credible intervals (Cls) are provided.

Year Biomass Lower CI Upper CI FSB Lower CI Upper CI
1977 1,240,840 994,535 1,504,796 742,761 539,622 982,265
1978 1,232,735 1,013,738 1,474,406 733,642 542,275 950,340
1979 1,233,251 1,039,921 1,444,329 724,165 547,738 922,561
1980 1,237,742 1,067,127 1,424,001 714,289 551,648 894,152
1981 1,238,555 1,089,594 1,399,633 703,848 556,680 869,121
1982 1,236,645 1,105,659 1,381,444 695,398 560,326 840,697
1983 1,237,119 1,116,347 1,370,552 693,468 572,530 820,054
1984 1,244,012 1,128,809 1,370,491 696,074 588,774 809,073
1985 1,273,372 1,157,740 1,398,053 705,916 610,601 804,808
1986 1,318,691 1,196,926 1,445,201 717,090 634,844 804,982
1987 1,375,212 1,242,930 1,509,784 723,622 650,445 803,509
1988 1,438,441 1,298,650 1,579,176 723,034 654,990 799,379
1989 1,504,913 1,361,816 1,650,717 725,245 657,339 801,925
1990 1,567,424 1,423,573 1,709,776 740,912 669,654 818,443
1991 1,621,289 1,477,134 1,762,440 768,605 690,474 851,695
1992 1,658,859 1,516,419 1,797,452 800,987 712,472 893,841
1993 1,676,301 1,537,699 1,812,236 835,243 740,018 935,150
1994 1,684,742 1,550,725 1,821,941 872,747 772,236 974,112
1995 1,682,256 1,551,501 1,820,540 903,533 803,047 1,004,431
1996 1,677,537 1,546,880 1,817,261 930,485 834,666 1,026,572
1997 1,672,433 1,541,028 1,815,551 946,290 853,825 1,040,163
1998 1,690,446 1,559,560 1,829,247 960,092 870,414 1,050,990
1999 1,727,265 1,595,592 1,867,501 966,529 879,085 1,056,374
2000 1,791,953 1,660,752 1,929,016 960,849 876,746 1,051,120
2001 1,838,452 1,708,468 1,974,263 945,300 862,830 1,037,157
2002 1,882,026 1,751,802 2,017,050 937,241 854,652 1,029,119
2003 1,911,068 1,779,840 2,049,046 939,098 855,864 1,029,780
2004 1,921,668 1,791,637 2,059,495 951,859 865,655 1,041,971
2005 1,938,875 1,809,916 2,071,791 995,665 909,436 1,084,585
2006 1,941,540 1,812,600 2,074,093 1,045,705 958,389 1,135,455
2007 1,917,033 1,791,287 2,047,875 1,080,609 991,774 1,170,595
2008 1,881,843 1,758,722 2,010,311 1,097,009 1,010,096 1,188,232
2009 1,824,421 1,705,510 1,949,489 1,094,324 1,009,137 1,185,100
2010 1,758,977 1,643,436 1,877,921 1,087,149 1,004,460 1,174,254
2011 1,692,310 1,581,533 1,807,131 1,076,223 995,257 1,162,045
2012 1,624,264 1,517,329 1,732,280 1,053,307 974,038 1,137,183
2013 1,573,538 1,473,790 1,678,812 1,028,362 951,707 1,108,146
2014 1,521,886 1,426,049 1,624,293 991,204 917,101 1,068,562
2015 1,454,678 1,361,588 1,554,554 932,861 861,625 1,007,146
2016 1,410,435 1,319,086 1,508,615 887,589 819,363 958,087
2017 1,371,865 1,277,838 1,471,895 847,341 782,991 914,667
2018 1,344,142 1,243,405 1,450,441 811,201 750,971 875,858
2019 1,323,439 1,215,224 1,440,062 789,217 731,089 853,488
2020 1,308,171 1,179,884 1,451,953 763,363 705,381 826,021
2021 1,284,197 1,137,049 1,462,321 736,937 678,721 798,997




Table 7.%7: Estimated age 1 recruitment (x 1,000), from Model 19.0 (2021). Lower 95% and upper 95%
credible intervals (Cls) based on MCMC runs. Note 2f2dible intervalsiot presented, as they are not
estimable.

Year Recruitment Lower CI Upper CI

1977 582,420 238,885 1,155,833
1978 641,294 297,996 1,247,098
1979 691,228 339,626 1,268,929
1980 636,376 304,099 1,174,334
1981 546,060 254,080 981,984

1982 527,674 252,337 949,675

1983 596,934 290,467 1,016,042
1984 813,742 392,075 1,302,977
1985 1,187,424 556,453 1,695,094
1986 1,152,620 531,607 1,756,093
1987 1,104,252 523,374 1,771,168
1988 1,124,740 568,846 1,911,814
1989 1,055,272 548,370 1,749,446
1990 905,194 423,943 1,589,155
1991 964,108 487,891 1,629,515
1992 930,370 472,159 1,579,551
1993 743,926 375,956 1,273,742
1994 734,374 351,563 1,223,049
1995 787,372 405,422 1,306,576
1996 765,886 381,841 1,283,473
1997 930,622 497,825 1,492,151
1998 1,203,596 704,875 1,836,199
1999 1,303,134 757,881 1,957,394
2000 1,656,304 1,090,246 2,327,572
2001 1,081,602 623,096 1,641,350
2002 972,888 556,351 1,483,700
2003 888,224 515,967 1,364,766
2004 929,770 541,775 1,435,530
2005 943,978 527,622 1,400,102
2006 883,212 513,810 1,357,960
2007 646,418 361,319 1,048,970
2008 618,376 348,814 1,008,802
2009 462,040 231,273 805,270

2010 451,672 226,626 779,867

2011 578,286 306,905 934,168

2012 689,424 362,128 1,076,017
2013 698,450 410,027 1,090,311
2014 571,098 303,803 937,087

2015 507,486 243,889 845,085

2016 583,086 268,158 1,037,645
2017 637,938 249,714 1,210,711
2018 869,842 312,443 1,713,104
2019 563,286 136,152 1,525,701
2020 670,468 145,443 2,262,823
2021 436,000 - -




Table 7.8:

Esti mated age
Model 19.0 (2021).

1

recruitment

( 1, qa2oIppasd

Year Recruitment (2019) Recruitment (2021) F (2019) F (2021)
1977 605,128 582,420 0.01 0.01
1978 686,990 641,294 0.01 0.01
1979 753,254 691,228 0.01 0.01
1980 687,738 636,376 0.01 0.01
1981 582,398 546,060 0.01 0.01
1982 560,350 527,674 0.01 0.01
1983 617,130 596,934 0.01 0.01
1984 794,548 813,742 0.01 0.01
1985 1,104,574 1,187,424 0 0.00
1986 1,058,484 1,152,620 0 0.00
1987 1,052,612 1,104,252 0.01 0.01
1988 1,126,032 1,124,740 0.01 0.01
1989 1,064,806 1,055,272 0 0.00
1990 920,064 905,194 0.01 0.01
1991 991,674 964,108 0.01 0.02
1992 944,714 930,370 0.02 0.03
1993 751,434 743,926 0.02 0.02
1994 747,804 734,374 0.03 0.03
1995 793,886 787,372 0.02 0.02
1996 774,846 765,886 0.02 0.02
1997 955,058 930,622 0.02 0.02
1998 1,218,528 1,203,596 0.01 0.01
1999 1,320,202 1,303,134 0.02 0.02
2000 1,668,762 1,656,304 0.03 0.03
2001 1,091,764 1,081,602 0.02 0.02
2002 981,680 972,888 0.02 0.02
2003 900,330 888,224 0.03 0.03
2004 939,116 929,770 0.02 0.02
2005 955,116 943,978 0.02 0.02
2006 891,066 883,212 0.03 0.03
2007 652,944 646,418 0.02 0.02
2008 625,840 618,376 0.03 0.03
2009 468,592 462,040 0.02 0.02
2010 456,748 451,672 0.02 0.02
2011 589,224 578,286 0.03 0.03
2012 695,282 689,424 0.02 0.02
2013 705,048 698,450 0.02 0.02
2014 569,194 571,098 0.04 0.04
2015 489,678 507,486 0.02 0.02
2016 612,488 583,086 0.02 0.02
2017 606,838 637,938 0.03 0.03
2018 1,047,082 869,842 0.03 0.03
2019 436,000 563,286 0.03 0.03
2020 - 670,468 - 0.03
2021 - 436,000 - 0.01

and



Table 719 Projectedspawning biomasdishing mortality,and yield forArrowtoothflounderunder seven
harvest scenariggolumns)designed to satisfy the requirements of Amendment 56, NEPA, and
MSFCMA. Spawning biomass and yield are iB= 407,478, Bssy = 356,544t, Faos% = 0.185and
Fase= 0225in 2022 Values are mean/median estimates of 1000 MCMC itetion

Maximum Half maximunr 5-year Approaching

Year permissible | Aut ha F average | No fishing Overfishec overfishec
Spawning Biomass (

2021 717,92t 717,92¢ 717,92t 717,92t 717,92t 717,92t 717,92¢
2022 695,70¢ 703,85: 700,39¢ 703,68¢ 705,117 693,71¢ 695,70¢
2023 600,10¢ 691,941 651,27¢ 689,80¢ 707,151 579,617 600,10¢
2024 531,917 682,04: 616,611 684,707 716,561 499,821 530,43¢
2025 479,36( 597,58z 588,111 681,09¢ 726,20¢ 440,21 463,63(
2026 435,137 526,55: 560,48¢ 674,18: 731,211 392,34( 409,67:
2027 400,22¢ 469,63: 535,79« 666,44¢ 733,94¢ 358,51¢ 368,97¢
2028 381,96( 432,831 521,63 666,707 743,35¢ 345,38¢ 351,501
2029 381,00¢ 415,43( 521,27( 677,93¢ 762,70¢ 348,16 351,59¢
2030 386,94 409,22¢ 528,75¢ 694,771 787,05¢ 356,30z 358,08:
2031 393,721 407,90¢ 538,091 713,11¢ 812,60¢ 363,91 364,74:
2032 399,47¢ 408,37¢ 547,33¢ 731,08( 837,54« 369,48¢ 369,80¢
2033 403,90( 409,38t 555,517 747,622 860,69 373,16¢ 373,23¢
2034 407,42 410,71¢ 562,49: 762,59¢ 881,76: 375,77¢ 375,744
Fishing Mortality

2021 0.014 0.014 0.014 0.014 0.014 0.014 0.014
2022 0.18t 0.025 0.093 0.02¢ - 0.22% 0.225
2023 0.18t 0.022 0.093 0.02¢ - 0.22t 0.225
2024 0.18t 0.185 0.093 0.02¢ - 0.22t 0.225
2025 0.18t 0.185 0.093 0.02¢ - 0.22t 0.225
2026 0.18t 0.185 0.093 0.02¢ - 0.21€ 0.21€
2027 0.182 0.185 0.093 0.02¢ - 0.197 0.197
2028 0.173 0.185 0.093 0.02¢ - 0.18¢ 0.18¢
2029 0.172 0.183 0.093 0.02¢ - 0.191 0.191
2030 0.174 0.18C 0.093 0.02¢ - 0.19t 0.195
2031 0.17€ 0.18C 0.093 0.02¢ - 0.19¢ 0.19¢
2032 0.177 0.179 0.093 0.02¢ - 0.20z 0.202
2033 0.17¢ 0.18C 0.093 0.02¢ - 0.204 0.204
2034 0.17¢ 0.18C 0.093 0.02¢ - 0.20% 0.205
Yield (t)

2021 10,052 10,052 10,052 10,052 10,05z 10,05z 10,052
2022 119,77¢ 16,991 62,12 19,19¢ - 143,10( 119,77¢
2023 104,46¢ 14,81¢ 58,14( 18,887 - 121,14¢ 104,46¢
2024 93,27C 117,801 55,174 18,73¢ - 105,48 111,48¢
2025 85,05¢ 104,14¢ 52,95¢€ 18,692 - 94,27: 98,812
2026 78,90¢ 93,48: 51,19 18,68( - 83,03/ 89,49:
2027 73,17¢€ 85,45¢ 49,837 18,67¢ - 71,554 75,392
2028 67,91¢ 80,27¢ 49,161 18,79: - 67,76( 69,88¢
2029 67,81¢€ 76,83¢ 49,32t 19,102 - 69,251 70,40C
2030 69,96¢ 75,46¢ 50,174 19,60C - 72,804 73,36¢
2031 72,31€ 75,551 51,281 20,18C - 76,172 76,401
2032 74,101 75,98¢ 52,27k 20,71¢ - 78,53( 78,59C
2033 75,464 76,52€ 53,11¢ 21,18¢ - 80,047 80,03¢
2034 76,387 76,977 53,80¢ 21,59¢ - 80,99t 80,95€

*Projections are based on estimated catch@$,801 t and 14,819used in place of maximum permissible ABC for 2@2d
2023in response to a Plan Team request to obtain more accurayedwprojections.
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Figure 7.1: Random effects estimates of bionfaskd lines) and AFSC bottom trawl survey estimates
(dots)for thefour GOA aras among which the catchesdwfowtoothflounder are apportioned, 2003
2021
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Figure 7.2: Arrowtooth Flounder

predi cdefrotnthe ensi ty

deltalog gamma model for GOA bottom trawl survey data. Panel a. shows 2001 density using warm
years (1984, 1987, 1990, 1993, 2001, 2003, 2005, and 2015) and Panel b. shows density for 2009 using
cold years (1996, 1999, 2007, 2009, 2011, ariBptbr seven length bins by bottom depth (m) and

bottom temperature (C). Figure from Doyle et al. 2018.
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Figure 73: Composition of Arrowtooth Flounder diet weight for different size categories of fish, based on
stomach content analysis of specimenst groundfish surveys in the Gulf of Alaska.
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Figure 7.4: Arrowtooth Flounder survey cpue by tow from 1984 to present



Figure 7.4 (cont.): Arrowtooth Flounder survey cpue by tow from 1984 to present



